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ABSTRACT 
High-purity n-type single crystals of the semi­
conducting compound Mg^Si were prepared from melts of stoi­
chiometric proportions of the constituents in graphite 
crucibles; p-type crystals were obtained when the melt was 
doped with 0.2-0.02 per cent by weight of silver or copper. 
Carrier concentrations in the saturation region were as low 
as 8(10)^cm"^ for n-type and 4(10) 1^cm™^ for p-type sam­
ples. Electrical resistivity and Hall coefficient R were 
measured from 77° - 1000°K. Hall mobility (R/) showed a 
temperature dependence in the intrinsic range of approxi­
mately T~^/^ for all samples. (R/^ ) at 300°K was as high 
2 P 
as 4.06 cm /volt-sec for n-type and 56*5 cm /volt-sec for 
p-type material. Electron and hole mobilities and concen­
trations have been calculated as functions of temperature. 
The mobility ratio was five. The energy gap, determined 
from least-square slopes of curves log (RT^/^) vs l/T, was 
0.78 ev. The electron mobility at any temperature in the 
range 77° - lj.00°K can be explained quantitatively by a combi­
nation of scattering by optical modes and scattering by 
ionized Impurities. 
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I. INTRODUCTION 
A. Semiconducting Compounds 
1. Intermetalllc compounds 
An intermetalllc compound refers to a phase in the sys­
tem of two or more metals—a phase which contains at least 
two of the components and which exists only for a limited 
range of concentrations. In an intermetalllc compound like 
beta brass this phase may extend over a wide range (37 per 
cent Zn to 56 per cent Zn); in other cases where, for exam­
ple, the components differ considerably in electronegativity, 
the phase is very narrow. These phases usually include a 
composition corresponding to a simple-whole-number atomic 
ratio (e.g., 50 atomic per cent zinc, $0 atomic per cent 
copper). Intermetalllc compound does not imply stoichiome-
tryj for a narrow phase containing the proportions corre­
sponding to a compound, however, stoichiometry and a definite 
structure are often assumed. 
2. Metallic and semi conducting behavior 
Zintl (36) studied intermetalllc compounds trying to 
understand why some exhibit metallic behavior and others be­
have as semiconductors. He noted that there apparently ex­
ist no semiconducting compounds with constituents entirely 
from the first three columns of the periodic table. Semi­
conducting compounds always contain at least one element 
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from a position at most four places before a noble gas; i.e., 
from groups IVb - Vllb. 
Zintl placed emphasis on a typical structure for semi­
conducting compounds. One often cites the zincblende struc­
ture, common to a great many semiconducting compounds (ZnS, 
InSb, GaAs etc.), as an example. Winkler (61).) is quick to 
point out, however, that semiconducting behavior is not a 
characteristic of the fluorite-antifluorite* structure since 
MggSi, MggGe and Mg^Sn crystallize in the antifluorite struc­
ture and are semiconductors, while In^Au and In^Pt are char­
acterized by the fluorite structure, yet are metallic. 
Zintl1s approach did not lead to an explanation why some com­
pounds which fulfilled the necessary requirement for semi-
conduction behaved as metals (e.g., InBi). 
Welker (60), Séraphin (57) and Bruns and Lautz (9) enun­
ciated some qualitative rules which apply to many intermetal­
llc compounds. 
1. Covalent bonds are generally formed by semiconducting 
elements. Ionic character is introduced into the bonding in 
compounds in increasing amounts as the electronegativity 
*The fluorite lattice has for its prototype compound 
OaPg. The unit cell has positions (0, 0, 0), (0, l/2, 1/2), 
(1/2, 0, 1/2), (1/2, 1/2, 0) occupied by atoms of positive 
valence and ± (lA, 1/4, 1/W, (1/4, 3/4, 3/4), 
(3/4, 1/4, 3/4), (3/4, 3/4, 1/4) occupied by atoms of nega­
tive valence. In the antifluorite structure the sites are 
occupied by atoms of the opposite valence. 
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difference* between the two constituent atoms increases. 
This difference is usually greater for atoms farther apart in 
the periodic table. Electronegativity differences are given 
for some semiconductors from elements in the fifth row of the 
periodic table : 
a-Sn InSb CdTe Agi 
Electronegativity 0 0.2 0.6 0.8 
difference 
2. Increasing ionic character in semiconducting com­
pounds increases the width of the energy gap. This increase 
is believed to result from the increasing amplitude of the 
periodic potential along the compound lattice as the bonding 
becomes"more ionic. In covalent bonding the 'electron 
bridges' tend to smooth out the periodic potential and de­
crease the energy gap. An increase in energy gap is indeed 
observed with increasing tonicity in the series mentioned 
above : 
a-Sn InSb CdTe Agi 
AEQ(ev) 0.08 0.27 1.8 %2.8 
The electronegativity difference between elements A 
and B, a concept due to Pauling (Lj.8), pp. 58-69, is defined 
as the square root of the difference between the energy of 
an A-B bond and the mean of the energies of an A-A bond and 
a B-B bond. 
k 
3. The amplitude of lattice thermal vibrations de­
creases with increasing bond strength. Both tonicity and 
melting point are measures of this bond strength. The melt­
ing points increase in the following manner: 
a-Sn InSb CdTe Agi 
m.p. (°C) 260 523 1041 decomposes 
552 
The mobility should increase with decreasing lattice-vibra­
tion amplitude, so that at first glance one would expect the 
mobility of ionic compounds to be high. This is not the 
case, of course, for an important additional effect enters 
with increasing tonicity, that of the optical-mode lattice 
vibrations. These lattice vibrations tend to brake the 
electrons and decrease the mobility strongly. Still, an 
initial rise in mobility with increasing ionic character is 
indicated by the data for the isoelectronic sequence with Sn: 
a-Sn InSb CdTe Agi 
Un (250°K, cm2/volt-sec) 1560 80,000 650 %30 
Séraphin's original treatment (57) predicted this mo­
bility maximum for electrons but not for holes, for which, 
indeed, no extremum is observed. Adawi (2) pointed out an 
error in Séraphin' s work, however, and showed that the mo­
bility should monotonically decrease with increasing ioniclty. 
The apparent maximum in the mobility for InSb in the a-Sn 
isoelectronic series is as yet unexplained. 
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4. The binding energy of valence electrons decreases 
with increasing atomic weight largely due to shielding of 
the nucleus by the inner electron core. This decrease in 
binding energy leads to a prediction that the energy gap in 
a family of compounds will decrease with increasing molecu­
lar weight. A decrease in energy gap is observed in the 
following two families: one family in which a single con­
stituent is varied and another in which both constituents 
are varied. 
AlSb C-aSb InSb TISb 
AEQ(ev) 1.65 0.77 0.27 metallic 
A1P GaAs InSb TIBi 
AEQ(ev) 3. 1.45 0.27 metallic 
The preceding examples are meant only to be illustrative of 
the qualitative statements given and not proofs. 
Mott and Jones (45) discussed the criterion for semi­
conducting behavior in intermetalllc compounds in a more 
quantitative manner from the standpoint of available energy 
states for the valence electrons in the Brillouin zones. If 
one knows the structure of a unit cell of the compound in 
question, the planes of energy discontinuity in reciprocal 
space are determined from the Bragg condition. The struc­
ture factor may be determined for a known unit cell; all the 
planes which are solutions to the Bragg condition and which 
are not excluded by the vanishing of the structure factor 
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bound the Brillouin zones. The volume of the Brillouin zone 
is taken as W, of the unit cell in real space, V. The number 
of available states per atom, then, is 2VW, where the 2 takes 
into account the two possible spin orientations. If there 
are R electrons per atom, then R/2VW must be unity for the 
Brillouin zone to be just filled; for R/2VW a fraction the 
zone is only partly filled. Semiconducting behavior is as­
cribed to materials with filled zones, metallic to those with 
partly-filled zones. 
This theory predicts semiconduction in the compound 
MggSi : the volume of the unit cell is a^/%, the volume per 
3 3 
atom, a /12. The volume of a Brillouin zone is 16/a . There 
are eight electrons shared by three atoms. Thus 
— = 3—^ y  = 1 
2VW 2 ( a /12 ) ( 16/a ) 
The structure of MggPb is the same as that for Mg^Si, and the 
same argument would imply semiconducting behavior in this com­
pound as well. MggPb, however, behaves like a metal; this 
behavior may be due to an overlapping of the bands, not con­
sidered in the theory, or to a small energy gap and subse­
quent degeneracy at most temperatures. 
Mooser and Pearson (I4.O) differentiated between semi­
conducting and metallic compounds on the basis of the chemi­
cal bond involved. They concluded after a survey of all 
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known semiconductors that the bonding is predominantly cova-
lent. This implies, through the process of electron sharing, 
that s and p orbital s in the valence shells of elemental semi­
conductors are completely filled. In compounds, only one of 
two atoms bonded together need have filled s and p orbitals; 
atoms with unfilled orbitals must not be bonded together, 
however. 
The criterion for predominantly covalent bonding is 
given by the electronegativity difference for the constituents. 
In terms of Pauling's (48, p. 64) values for the electro­
negativity, if this difference is less than one, the ionic 
contribution to the bonding is less than 25 per cent. 
Semiconducting behavior may be investigated first of all 
if one recognizes filled orbitals are never possible in a 
compound with constituents from only the first three columns 
of the periodic table. For semiconducting behavior, there­
fore, there must be at least one atom in each molecule from 
groups IVb - Vllb; this number is called N&. The number of 
electrons per molecule, NQ, must be distributed among these 
N& atoms so that their eight orbitale are filled: 
However, if the Nft atoms in the molecule form any bonds be­
tween themselves, sharing electrons, the number of orbitale 
to be filled is reduced by b, the number of bonds between 
8 
the N atoms, and 
a ' 
For Mg0Si, N =8, N =1 and b = 0 so that the criteri-d ' e a 
on is fulfilled and semiconducting behavior indicated. The 
electronegativity difference for MggSl is 0.6. 
Metallic characteristics of heavy members of semicon­
ducting families might be traced to a gradual change in 
structure with increasing atomic weight, approaching a struc­
ture where the same number of electrons must be shared by 
more atoms, leaving some orbitals incomplete. In arsenic, 
for instance, the number of nearest neighbors is three; bis­
muth, in the same column, has essentially six, since three 
next-nearest neighbors now occupy sites nearly as close as 
those of the nearest neighbors. Another reason might be the 
small energy differences between orbitals in heavy elements; 
this small energy difference would allow an electron to be 
excited to a higher orbital with very little energy so that 
at normal temperatures the semiconductor would be degenerate 
(or metallic) in behavior. 
Semiconducting properties of such compounds as those 
formed from elements in columns II and VI (e.g., ZnS) and 
columns I and VII (e.g., Cul) have been long known; investi­
gations of other compounds have been made only recently. 
Extensive studies of semiconducting compounds formed from 
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elements in columns III and V, such as A1P, GaAs and InSb 
have been made by Welker (60) in Germany and by many groups 
in this country (e.g., Breckenridge et al. (8)). Certain 
other families have been studied to a lesser degree. The 
properties of many of these compounds are compiled by Welker 
and Weiss (61), by Welker (59) and by Pincherle and Radcliffe 
(50) in review articles. 
Certain ternary compounds are known to be semiconductors. 
For example, if silicon in MggSl be replaced by an atom in 
the fifth column, say P, and one magnesium atom be replaced 
by a univalent element, Li, the resulting LiMgP retains the 
antifluorite structure and is a semiconductor. This series 
has been studied by Junod £t al. (33). Ternary compounds 
with structure similar to diamond (Znln^Se^) have been in­
vestigated by Busch et al. (15). Austin et al. (I4.) have suc­
ceeded in preparing chalocopyrite-structured semiconducting 
compounds of the form ABX2 where A is Cu or Agj B is Al, Ga, 
In, Fe, Tl; X = Se, Te. A great list of binary and ternary 
compounds which should exhibit semiconducting behavior is 
given by Mooser and Pearson (41). 
B. Previous Work on Mg^X Family of Compounds 
Magnesium forms one family of intermetalllc compounds 
having the formula Mg^X where X represents the elements sili­
con, germanium, tin or lead; MggC does not exist. The 
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compounds have the antifluorite structure. Phase Diagrams 
for MggSl, Mgg^®' Mg2Sn Mg^Pb, in which the data re­
ported by Hansen (26) and Raynor (52) are combined, are given 
by Whitsett (62); the phase diagram for MggSi Is shorn in 
Figure 1. The intermetalllc compound, or phase, is quite 
narrow in every case; Klemm and Westlinning (35) reported 
this width to be only several hundredths of an atomic per 
cent for all the compounds and attributed this to the anti­
fluorite structure, apparently intolerant to vacancies at 
either type of site. 
MggSi, MggGe and MggSn are semiconductors; MggPb is not 
a semiconductor. Review articles on the properties of the 
whole series and complete bibliographies are given by Winkler 
(64), Welker (59) and Pincherle and Radcliffe (50). Elec­
trical conductivity of Oa^Si, CagSn and Oa^Pb is given by 
Busch et al. (14). Be^O and Sr^Si have been reported to ex­
ist; compounds in which magnesium is replaced by Zn, Cd or 
Hg are unstable. 
Robertson and Uhlig (54) reported MggSn to be a semi­
conductor and MggPb to be a metal. They worked with poly-
crystalline material prepared in graphite crucibles. Boltaks 
and Zhuse (7) studied conductivity, Hall effect, mobility, 
thermoelectric power and magnetic susceptibility in M^Sn 
prepared in graphite crucibles under a layer of carnallite 
(KMgCl^'ôHgO); they corroborated the metallic behavior of 
Mg2Pb. 
1420 
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Figure 1. Phase diagram of the magnesium-silicon system 
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Blunt et al. (5) pulled single crystals from a melt of 
MggSn in carbon crucibles under a hydrogen atmosphere. Law-
son et al. (37) zone-refined MggSn in carbon. Both groups 
studied electrical conductivity, Hall effect, optical absorp­
tion and photoconductivity. 
Winkler (64) studied conductivity, Hall effect and 
thermoelectric power for the whole series Mg^Si, Mg^Ge, MggSn 
and MggPb. His samples were polycrystalline. Whitsett (62) 
pioneered single-crystal work on Mg^Ge and MggSi; he measured 
resistivity and Hall effect. 
Ellickson and Nelson (19) (1+6) investigated optical and 
electrical properties of MggSn and MggSl single crystals. 
Some of the results of these workers are shown in Table 
1. Robertson and Uhllg, Boltaks and Zhuse, and Whitsett ob­
tained their values of the energy gap (AEQ) from the slope 
of resistivity-vs-reciprocal temperature graphs. As will be 
shown in Section III. A. 8. this procedure is correct only 
if the intrinsic temperature dependence of the mobility is 
-1.5» Other values of the energy gaps shown were obtained 
by methods which take the mobility temperature dependence in­
to consideration or which are independent of the mobility. 
The effective mass of the current carriers and the tem­
perature dependence of the energy gap were determined for 
MggSi, MggGe and MggSn by Winkler and for MggSn by Ellickson 
and Nelson, Blunt et. &1* and Lawson et al. (Table 2). Whit-
sett's values for the effective masses in MggSi and Mg^Ge 
Table 1. Results of some previous studies of compounds in the Mg^X Family 
Com- Worker Form of Type of Saturation Energy Hall Mobility Intrinsic 
pound Sample Impurity Impurity Gap , nJ2 Temperature 
Concentration (evj <cm /volt"3eo) Dependence 
(cm'3) Electron Hole °f Mobility 
Mg0Sn Robertson poly- n - 0.26 - - -
and Uhlig crystal 
3(10)18 0.4 15 -2.5 Boltaks n -
and Zhuse 
(10)1A 2(10) " 
Winkler n n,p 0.36 210 150 -2.5 
Blunt et al. single n,p 0.33 320 260 -2.2 
crystal 
Laws on et al. " n,p 5(10)16 0.34 318* 263* -3.0* 
Ellickson, n n,p 6(10)16 0.34 313 250 -2.5 
Nelson 
MgpGe Winkler poly- n,p 3 (10)17 0.7^  530 106 -2.5 
crystal 
7(10)1? Whitsett single n 0.63 146 - -1*5 
crystal 
Mg,Si Winkler poly- n (10)18 0.77 370 65 -2.5 
crystal 
6(10)17 Ellickson, single n 0.73 250 - -2.5 
Nelson crystal 
1.5(10)18 Whitsett n 0.4.8 167 - -1.5 
^Unpublished results of Macfarlane and Roberts, quoted by Lawson et al. (37). 
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Table 2. Effective mass and temperature dependence of the 
energy gap in MggX compounds 
Compound Worker Effective Mass Temperature 
electron hole Dependence of the 
x electron rest mass Energy Gap 
x (10) ev/deg.K 
MggSn Winkler 2.3 2.6* -2.8b 
Ellickson and 
Nelson 0.9 1.0° -3d 
Laws on et. âl.* 0.52 0.58° +2.6* 
Blunt et_ al. 1.2 1.3° -3.5" 
MggGe Winkler 0.25 0.48* -7.6b 
Mg2Si Winkler 
Ellickson and 
Nelson 
0.36 0.72* -6.4b 
+1.7* 
*From thermoelectric power measurements plus electrical 
measurements. 
bFrom thermoelectric power measurements. 
°From optical data plus electrical measurements. 
*From optical data. 
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are open to question since the temperature dependence of the 
energy gap was not included in his calculations. (See Section 
III. A. 9) 
In a work conducted parallel to this investigation, 
Redin (53) has reported results shown in Table 3 for single 
crystals of both p-type and n-type MggGe. 
Table 3» Recent results for Mg^Ge 
Energy gap, (ev) 0.69 
Saturation impurity concentration, (cm"^) 3 x 10^ 
Hall mobility, electrons, 300°K, (cm^/volt-sec) 280 
Hall mobility, holes, 300°K, (cm^/volt-sec) 110 
Mobility ratio 3.7 
Temperature dependence intrinsic mobility -2.0 
Effective mass, electrons 0.18 m 
Effective mass, holes 0.31 m 
C. Purpose of the Work 
The present investigation of semiconducting properties 
of MggSi single crystals was undertaken in order to study the 
mechanism of electrical conduction in the material. To do 
this it was necessary to prepare a number of high-purity 
16 
single-crystal samples, both n-type and p-type, so that mo­
bilities might be obtained directly, the mobility temperature 
dependence studied carefully and new evidence brought forth 
concerning the disputed value of the energy gap for MggSi. 
Results of this Investigation may be used in conjunction 
with those for n-type and p-type single crystals of MggGe and 
MggSn in order to understand properties of the MggX family as 
a whole and semi conducting compounds in general. 
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II. EXPERIMENTAL PROCEDURE 
A. Preparation of samples 
Single-crystal samples of Mg^Si were prepared for this 
investigation. Sublimed magnesium supplied by Dow Chemical 
Company, with a purity of 99.99 per cent or better, and 
Sylvania transistor-grade silicon were used. The magnesium 
was etched until bright in dilute HC1, rinsed in distilled 
water many times and dried in an oven before weighing. The 
silicon was not treated since it was of high initial purity 
and had been kept free of surface contamination. Stoichio­
metric proportions—two atoms of magnesium to one of silicon-
were combined by adding to about five grams of magnesium a 
mass of silicon equal to the mass of magnesium multiplied by 
1 ( Molecular weight of silicon \ _ 1 ( 28.06 \ n C7,Q 
2 I Molecular weight of magnesium) 2 \ 21+. 32 /" 0,5769. 
A suitable crucible to hold the constituents proved dif­
ficult to find. A material not attacked by magnesium is 
often attacked by silicon. Previous workers had almost al­
ways used carbon for a crucible material. This material is 
not wholly satisfactory because MggSi wets carbon strongly. 
A search was made for a better crucible. Materials tried and 
results obtained are shown in Table 1+. 
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Table I4.. Crucible materials investigated l'or MggSl 
Material Result 
Fused silica 
MgO 
MgO baked on fused silica 
MgO + CaFg 
A12°3 
Iron 
Niobium 
Molybdenum 
Tantalum 
Tungsten 
Chromium-plated iron 
Carbon 
Silica reduced by magnesium at 
temperatures over 800°C 
Too porous 
MgO layer porous; magnesium 
attacked the silica 
Melt wetted and reacted with 
crucible 
Melt wetted and reacted with 
crucible 
Silicon reacted with iron 
Partly dissolved by melt 
Melt wetted the crucible 
Melt wetted the crucible 
Melt wetted the crucible 
Melt wetted the crucible 
Melt wetted the crucible 
Carbon was finally selected as a crucible material be­
cause of the ease of machining and because no other material 
tried offered greater advantages. The crucible adopted had 
a spectrographically-pure graphite liner inside a 1 3/8-inch 
carbon cylinder I4. 1/2 inches long. The crucible is shown in 
Figure 2. 
SPECTROGRAPHICALLY-
PURE GRAPHITE THERMOCOUPLE 
LINER WELLS 
CAP 
\ \ W W W) 
www 
I INCH 
Figure 2. Graphite crucible used in preparation of Mg^Si single crystals 
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The crucible was rinsed in acetone, dried and outgassed 
at 1100* - 1200°C for fifteen minutes to remove impurities. 
The constituents were then placed inside, two thermocouples 
inserted into the wells drilled in the crucible walls and 
the assembly placed into a furnace shown schematically In 
Figure 3. 
Because magnesium is reactive with air the system was 
pumped out until a vacuum of 5(10)"^ mm Hg was obtained. Be­
fore the melting was accomplished, 20-30 pounds gauge pres­
sure of argon was admitted to the system. Magnesium melts 
at 651*0 and boils at 1107°C; the melting point of the com­
pound is 1090°C. Since the vapor pressure of magnesium is 
nearly one atmosphere at the melting point of the compound, 
the system had to be pressurized to keep the magnesium in the 
crucible. 
After considerable trial, the following procedure was 
adopted for growing the crystals (see Appendix for repre­
sentative run). 
1. The melting point of the compound was 
attained rapidly, within one hour. 
2. A temperature gradient of about 25°C/cm 
was established in the melt by moving 
the furnace up or down. The gradient 
was measured by the two thermocouples 
inserted into the crucible walls. The 
bottom of the melt was at the lower 
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Figure 3. Experimental arrangement for preparation 
of MggSi single crystals 
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temperature. 
3. The melt was solidified within one hour. 
l\.. The ingot was cooled 50°C/hour to room 
temperature. 
The melting and freezing were done rapidly so as to lose as 
little magnesium as possible. The temperature gradient al­
lowed the bottom of the crucible, and especially the conical 
tip, to cool and solidify first so that crystallization 
could proceed in one direction from a single point. The 
slow cooling of the ingot provided for slow contraction and, 
therefore, for less cracking of the compound. 
Although MggSi prepared in this way bonded to the 
graphite liner of the crucible, chunks of single-crystalline 
material large enough to yield samples were obtained. Mg^Si 
is quite brittle but samples first shaped on a grinding wheel 
and then waxed to glass slides and polished with number ij.OOA 
silicon carbide paper (Minnesota Mining and Manufacturing Co., 
Tri-M-ite) have been prepared from 1x1x4 mm to 2x2x10 ram in 
size. The length was made at least four times the width to 
preclude shape-factor corrections derived by Isenberg et al. 
(31). 
Cut-out samples were tested for uniformity of resis­
tivity by moving two probes fixed about 0.6 mm apart along 
the sides for a series of readings. The criterion was gen­
erally to exclude any sample whose resistivity varied by 
more than a factor of two along its length. 
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Samples chosen for study were measured under a traveling 
microscope and their average cross-section and thickness were 
determined. 
MggSi reacts with moisture in the air to form Mg(0H)g, 
free hydrogen and silicon. A thick oxide coat seals off the 
inner material and the reaction slows down, but all samples 
were kept in desiccating bottles. 
B. X-ray Analysis 
Laue back-reflection x-ray photographs were made at 
three points along a sample and compared. The matching pat­
terns indicated the samples were either single crystals or 
consisted of a small number of only slightly different orien­
tations. 
X-ray analysis confirmed the antifluorite structure for 
MggSl and gave a lattice constant (P. Farrell (23)) 
a = 6.354 angstrom units. 
This result compares with other published values within one 
per cent (e.g., Winkler (64) 6.338 A, Klemm and Westlinning 
(35) 6.33ÔA, and Owen and Preston (47) 6.391 A). 
2k 
C. Doping the Samples 
MggSi single crystals prepared in the way described 
were always n-type. Spectrographic analysis of five samples 
indicated the presence of iron, copper, calcium and silver 
in all of them. P-type samples were obtained when the melt 
was doped with silver wire containing less than ten parts 
impurities per million or copper wire with less than 15 parts 
per million, obtained from Johnson, Mat they Co., London. 
Uniformity of the ingots was less good, and the ingot was not 
always p-type throughout. Doping with iron and aluminum did 
not produce p-type samples. 
A quick method to check the sign of the current carrier 
in the sample was devised employing a microammeter and two 
probes against the sample, one hot and one cold. The thermal 
gradient caused current to flow, and the polarity of the cold 
probe gave the sign of the carrier. Table 5 summarizes the 
doping in MggSl. 
D. Electrical Measurements 
1. Sample holders 
Measurements of electrical resistivity and Hall effect 
were made in the temperature range 77° - 1000°K. For low-
temperature measurements (77° - 300°K) the sample was 
mounted in the holder shown in Figure 4* Sharpened phosphor-
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u/////////i\m 
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Figure i|.« Sample holder for low-temperature measurements 
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Table 5- Impurities introduced into Mg^Si 
Run No. Doping material Per cent by weight 
21B Silver 0.21 
23B Silver 0.02 
2i|B Silver 0.086 
25B Silver 0.033 
26B Copper 0.038 
27B Iron 0.023 
29B Aluminum 0.031 
bronze probes were used for electrical contact along the side 
of the crystal; copper and brass electrodes served as current 
leads. The potential probes were pressed into place by set 
screws in the plexiglas sides. The base of the holder was a 
copper plate to minimize temperature gradients along the 
sample, which was separated from this base by a sheet of mica. 
A copper-constantan thermocouple was soldered to one current 
electrode. 
Electrical measurements in the range 300° - 1000°K were 
made with the sample in a holder shown in Figure 5a. The 
base was made from fired lava (sometimes called lavite), a 
material easily machinable before firing, and exhibiting 
superior insulating qualities at high temperatures after 
firing. (American Lava Corporation, Chattanooga 5, Tennessee). 
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(b) sample chamber and heater 
Figure 5. Apparatus for high-temperature measurements 
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A chromel-alumel thermocouple was placed near the sample. 
Tungsten-strip or molybdenum-wire pressure probes were used. 
Pressure probes did not in every case produce satis­
factory electrical contact stable over wide temperature varia­
tions. Spot-welded leads of 5 - 10 mil copper, silver, gold 
and platinum did bond to the MggSi but pulled loose little 
chunks of the friable material and so could not be used. 
2. Temperature control 
For low-temperature measurements the sample holder was 
placed in a copper can and inserted into a vacuum-jacketed 
pipe between the poles of an electromagnet. The bottom of 
this pipe extended into a glass Dewar containing liquid nitro­
gen. This arrangement is shown in Figure 6a. By closing the 
valve, one could adjust the pressure over the liquid nitrogen 
by raising and lowering the glass tube in the water column. 
This pressure forced liquid nitrogen up into the vacuum-
jacketed pipe to any desired level. Adjustment of this lev­
el plus introduction of heat by means of a heater coil wound 
on the copper base plate of the sample holder allowed measure­
ments at any temperature from 77° to 300°K. Temperature was 
constant within a degree or less for most readings. Readings 
were taken approximately every ten degrees, with the initial 
point at 77°K. 
Less successful methods of cooling the sample were tried: 
gas was passed through a cooling coil in the liquid nitrogen 
and then up and around the sample. The lowest temperature 
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achieved in this fashion, which is shown in Figure 6b, was 
lll4°K, and control was less good. Two small heaters inside 
the end of the vacuum-jacketed pipe were also tested, one to 
boil the liquid nitrogen and set up a stream of gas, the 
other to control the temperature of the gas on its way to 
the sample can. This method worked poorly, probably because 
the metal pipe conducted heat downward too readily from the 
upper heater into the liquid nitrogen. 
The equipment for obtaining high-temperature data was 
somewhat complicated by the need for a protective atmosphere 
around the sample. A double vacuum chamber made of stain­
less steel shown in Figure £b fitted into a two-inch magnet 
gap. A heater was wound about the inner chamber. Oxidation 
of the windings and excessive heat conduction through the 
outer chamber to the magnet pole pieces was reduced by evacu­
ation of the chamber. The inner chamber was evacuated to 
5(10)"^ mm Hg or lower to remove oxygen and moisture which 
might have reacted with the MggSi sample, and then filled 
with 20-30 pounds gauge pressure of argon or helium to re­
tard vaporization of the magnesium in the compound at higher 
temperatures. The outer chamber was water cooled. Tempera­
ture stability was observed on a self-balancing recording 
potentiometer; the actual potential of the thermocouple was 
measured on a more precise instrument. Temperatures were in 
most cases held constant within two degrees. Baffles and a 
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housing around the sample holder were included to minimize 
the effect of convection currents of the protective gas. 
Toward the end of the investigation a recirculating 
purifier was used in an attempt to remove oxygen and moisture 
which might have evolved from the system as it was heated. 
The gas in the sample chamber was circulated through a tube 
containing 90 per cent calcium/10 per cent magnesium-alloy 
chips at about lj.00°C in order to remove these impurities. 
The purifying effect was doubtful; samples of Mg^Si were al­
ways discolored on the surface, and there was evidence of 
evaporated metal inside the sample chamber. The bulk prop­
erties changed little, however. (See Section III. A. 12.) 
3» Apparatus 
Current was supplied to the sample from a Kay Lab Meter 
Calibrator, the output of which was constant within 0.05 per 
cent from 0 - 100 milliamperes. Sample voltages were meas­
ured with a Rubicon type B potentiometer; thermocouple po­
tentials were measured on a Leeds and Northrup portable 
potentiometer, type 8662. The magnetic field for the Hall 
effect measurements was obtained by means of a Varian Asso­
ciates V-4.012-A 12-inch electromagnet with a Varian Associ­
ates V-2100 regulated power supply. Special tapered pole 
pieces were used to give 10,000 gauss or more with a two-
inch gap. The magnetic field was calibrated by means of a 
rotating-coil fluxmeter previously calibrated by use of pro­
ton resonances. 
32 
lu Potential measurements 
The arrangement of probes on the sample Is shown In 
Figure 7. Consider a current I passing through the sample 
in the x-dlrection. If there exist no temperature gradients 
along the sample in the x-dlrection, the potential measured 
between probes B and C will be the true voltage drop across 
this portion of the sample; if one knows the current and the 
dimensions of the sample, the resistivity may be computed. 
However, any temperature gradients along the sample 
will introduce error, since, if the probes touch the sample 
at points of different temperature, a thermocouple will be 
formed because the sample and the probes are of different 
materials. The thermal e.m.f. produced in this manner adds 
to the true potential between the probes. Temperature 
gradients which produce these voltages may come about in the 
following ways : 
1. A Peltier effect exists at the ends of 
the sample, where one junction becomes 
warmer, one cooler. 
2. A thermal current is always associated 
with an electric current. 
3. Uneven experimental heating (or cooling) 
of the sample may occur. 
At higher temperatures and consequent lower semiconductor 
resistivities, thermal error voltages may be the same order 
of magnitude as the true voltage. 
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A 
Figure 7. Orientation of sample and probes 
3k 
This error may be eliminated if one reverses the current 
and quickly determines the potential across B and C again. 
The Peltier heating and cooling will reverse when the current 
is reversed, but only after some time (e.g., one minute in 
bismuth), so that if the current remains at the same value 
and any experimental temperature gradients remain the same, 
the error voltage is essentially independent of current di­
rection and may be eliminated. 
(Current forward) VI1 measured = true + ^  thermal 
(Current reverse) ^ 12 measured true + ^  thermal 
V? true = 11 p Vl2 
If a magnetic field in the z-direction is now applied to 
the sample shown in Figure 7, a potential appears across 
probes A and B, even though they are directly opposite, due 
to the rotation of the equipotential y-z planes around the 
z-axis. This is the Hall effect. In addition, the electric 
current and the magnetic field give rise to a temperature 
gradient in the y-direction (Ettingshausen effect). The mag­
netic field in combination with the x-directed thermal current 
produces another potential across the sample in the y-
direction (Nernst effect) and a second temperature gradient 
in the y-direction (Righi-Leduc effect). Thermal voltages 
arise due to the two temperature gradients in the y-direction 
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if the probe and sample are of different material. These 
voltages are labeled Vg for that due to the Ettingshausen 
effect and for the one due to the Righi-Leduc effect. 
One further voltage appears across probes A and B if they 
are not exactly opposite, due to the IR drop across a part 
of the sample. 
The voltage actually indicated by a potentiometer con­
nected to probes A and B would be 
VH " œ + VR + VB + VN + VRL 
where VR is the desired Hall voltage and is the Nernst 
potential. 
The sign of IR, VR and Vg is dependent on the direction 
of current; the sign of and VRL is not since it is as­
sumed that the temperature gradients present are, for short 
times at least, independent of the current. VR, V£, and 
are all subject to a sign reversal when the magnetic 
field is reversed. If the following four voltage readings 
are made with all possible combinations of polarity for cur­
rent and field, 
(I+, H+) V1 = IR + VR + VE + VN + VRL 
(I-, H+) V2 =- IR - VR - VE + VN + VRL 
(I-, H-) 
V3 
ll i to
 
+ 
VR 
+ VE - VN 
- VRL 
(I*, H-) = IR -
VR 
- VE VN 
- VRL 
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one may eliminate all voltages but two to obtain 
VR + VE 
V1 ' ^ ' Yk 
In most experiments Vg is neglected in comparison with VR 
(in germanium VE is about ten per cent of VR). This will be 
discussed for MggSi later (Section III. A. 12.). The analy­
sis above is given by Lindberg (38). 
In the present work the following series of voltages 
was taken: 
Current Voltage Magnetic Field 
1. Thermocouple + 0 
2. i—
i H
 
>
 + 0 
3. VI2 - 0 
4- VH1 -
+ 
5. VB2 
+ + 
6. 
VH3 
+ -
7. VHl|. - -
8. Thermocouple - 0 
Then the true potential across BC was 
vn ' vi2 
and the 
Hall voltage plus the Ettingshausen potential was 
VR + VE = 
VH2 " VH1 * VHL * VH3 
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5. Temperature 
The average of the two thermocouple readings was used to 
determine the temperature. The copper-constantan thermo­
couple used at low temperatures had been calibrated in terms 
of a platinum resistance thermometer calibrated at the Na­
tional Bureau of Standards. The chromel-alumel thermocouple 
for high-temperature measurements was made from wire supplied 
by the Hoskins Manufacturing Company, Detroit, Michigan; cor­
rections to the standard thermocouple e.m.f. tables for this 
wire were furnished by the manufacturer. 
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III. RESULTS 
A. Analysis of Experimental Data 
1. Symbols 
The following symbols will be used in the analysis of 
the experimental data: 
p 
A Cross-sectional area of sample (cm ) 
b Mobility ratio ^ /l^p 
Ec Electron energy at bottom of conduction band (ev) 
Ey Electron energy at top of valence band (ev) 
AE Energy gap, Ec - Ey (ev) 
AEq Energy gap at T = 0°K (ev) 
e Absolute electronic charge (1.602(10)"^coulomb) 
E Energy 
Ex Electric field strength In x-dlrection (volt/cm) 
Ey Electric field strength in y-direction (volt/cm) 
Ef Fermi energy (ev) 
H Magnetic field strength (gauss) 
h Planck's constant (6.624(10) erg-sec) 
I Electric current (amperes) 
J Electric current density (amperes/cm2) 
k Boltzmann's constant (8.616 ev/deg.K in exponentials 
containing energy in ev; otherwise 
1.380(10)"1^erg/deg.K) 
i Mean free path (cm) 
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m Rest mass of the electron (gm) 
m^ ,m^  Effective mass of electron, hole (gm) 
P Momentum 
n Electron concentration In conduction band (cm"^) 
p Hole concentration In valence band (cm~^) 
nD Concentration of electrons In donor levels (cm~^) 
PA Concentration of holes In acceptor levels (cm~^) 
n^,p^ Intrinsic concentration of electrons, 
holes (cm™^) 
Donor, acceptor concentration (cm~^) 
R Hall coefficient (cm^/coulomb) 
R^ Hall coefficient for intrinsic carrier concentration 
Rmax Maximum value \ R | after sign reversal In p-type 
sample 
Rg&t Saturation value of R in extrinsic range 
s Separation of resistivity probes (cm) 
t Sample thickness (cm) 
T Tenperature (degrees Kelvin) 
Tq Temperature at which R changes sign, p-type sample 
VR Hall potential (volt) 
Vç, Resistivity potential (volt) 
a Temperature dependence of mobility 
p Temperature coefficient of energy gap (ev/deg.K) 
£ Dielectric constant 
n^'^ p Mobility of electrons, holes (cm2/volt-sec) 
a Electrical resistivity (ohm-cm) 
ko 
C Electrical conductivity (ohm'^cm "*") 
T Relaxation time (sec) 
Relaxation time averaged over carrier 
distribution (sec) 
2. Basic relations 
For a non-degenerate semiconductor the Fermi distribu­
tion function takes the form of the Maxwell-Boltzmann dis­
tribution function, and the number of electrons in the 
conduction band at any temperature T is given by* 
n = 2(2ronhkT/h2)3/2 exp (Ef - . (1) 
The criterion for non-degeneracy is ( E^ - E^l >> kT. This is 
expressed in terms of the tenperature and carrier concentra­
tion by T > 4'2(10)"^(m/m^)n2/^. Non-degeneracy will be 
assumed throughout this section; the validity of this assump­
tion for the samples used in the present investigation is 
discussed in Section III. B. 2. 
The electrical resistivity when the current is due to 
electrons only is 
Ç = l/(n e nn) , (2) 
^Derivations of the equations in this section are given 
by Wilson (63, Chapter V) or Seitz (55» Chapter IV). 
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where the electron mobility, is given by 
= e T"/m^ (electrostatic units) . (3) 
For the non-degenerate case this is 
= 4©^ /3 (2ot m^kT)^2 (e.s.u.) . (4) 
For both electrons and holes present 
^ = l/(n e + p e (ip) . (5) 
The Hall coefficient is defined by 
R = (loAy/J^ = (10)8Ey/Ex6'Hz , (6) 
where the subscripts refer to the direction of the quantity 
involved and correspond to the axes in Figure 7. Ex and E^ 
are obtained by means of the Bolt zmann equation of state 
(Seitz (55, pp. 168, 181); Frohlich (25, pp. 212, 238); 
Shockley* (58, p. 270)). 
Then 
—Z p 
R = - (T / T2) 1/en . (7) 
For two types of carriers 
R = - r?/ "t2) (ntin2 - PM-p2)/e(niin + p^ )2 . (8) 
*Shockley's ^v2 T }/( v2^ is equivalent to Frohlich1 s T. 
b2 
These equations are derived under the assumption that 
(nnH)2« 1, (^ pH)2 « 1, E - Ec = P2/2m^  and Ey - E = P2/2mp. 
•A 2 
( T / t ) depends on the process by which the carriers are 
scattered. If the mean free path H varies with the electron 
velocity as vu, ( T2/ ~r"2) is given in terms of gamma 
functions: 
("t2/ T2) = 3n1/2 r (u + 3/2) A( T (u/2  + 2)) 2 .  (9) 
At high temperature s n sp. One eliminates E^ from 
Equation 1 and a similar expression for p to obtain 
ni = P1 = 2^2lt k T/h2)3/2 exp(-AE/2 k T). (10) 
At lower temperatures conservation of charge gives 
n + NA " PA = p + ND " "D ' (Hi 
For conplete ionization of impurities 
n + Na = P + % • (12) 
The behavior of the mobility is determined by the car­
rier mean free path, or equivalently, by the relaxation time 
of the scattering process. In Table 6 are listed some ex­
pressions for the mobility for different scattering mecha- ' 
nlsms. 
Table 6. Some expressions for carrier mobility 
Scattering Mechanism Mobility 
(electrostatic units) 
Temperature Dependence 
of Mobility 
Lattice vibrations 
1. Acoustical-mode (56) 
2. Optical-mode (29) 
Ionized impurities (16) 
Neutral impurities (21) 
ôn^ek h2S2 M 
(67£2)mh3C2 T v 
8a3M ke(kT)1/2(ez-l)G(z) 
3Q2 e (2it m^ )3/2 
Qnj2 62(kT)3/2 
(13) 
(14) 
«"=-A," »[» (#«•)] 
t-3/2 
T1//2(ee//T-l) for T># 
(e6/T~l) for T«e 
0»3/2 
(15) 
(8it3/20) m^ e3 
(16) 
Dislocations (17) V T (17) 
Table 6 (Continued) 
Scattering Mechanism Mobility 
(electrostatic units) 
Temperature Dependence 
of Mobility 
Electron-hole (16) 
•"» (SSfc) 
MLli 
1/2 
(kT?/2 
e3(np)V2 In 1+ 
__ (18) (£» ] e 
AE 
o 
2kT 
nQ density of atoms 
C interaction constant 
9 Debye temperature 
v carrier velocity averaged over distribution of carriers 
M atomic mass 
a interatomic spacing 
z Q/T 
Q effective ionic charge 1y2 
G(z) function approaching (3/8) (it z) ' as 6/T goes to infinity 
approaching one as Q/T goes to zero 
Nn neutral impurities/cm3 
Ï constant inversely proportional to dislocation density 
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The mobility in the case of a combination of scattering 
processes is obtained from a relaxation time T , where 
VT totai = Vt-l + Vt2 * ... • (19) 
t i, X g» • • are the relaxation times for the separate 
processes. 
3» Electrical resistivity 
The electrical resistivity was calculated for each tem­
perature by means of the formula 
A VO 
^ = — 1- • (ohm-cm) (20) 
Plots of electrical resistivity vs 1000/T are shown for five 
n-type samples of Mg^Si in Figure 8, and for two p-type sam­
ples in Figure 9. 
4. Hall effect 
The Hall coefficient was calculated for each temperature 
by means of tha formula 
R = (10)8 t v (cm3/coulomb) (21) 
I H R 
Q 
The factor (10) is a necessary unit conversion factor. 
Plots of the Hall coefficient vs 1000/T are shown for five 
n-type and two p-type MggSi samples in Figure 10 and Figure 
11. 
5* Saturation carrier concentration 
In the extrinsic range, if all the impurities are 
ionized, the Hall coefficient assumes saturation value Rsa^ 
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Figure 8. Resistivity of n-type MggSi 
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Figure 9. Resistivity of p-type MggSi 
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given by 
= " P e  ( % -  N a )  *  ( 2 2 >  
For a non-degenerate sample and essentially acoustical-mode 
lattice scattering, T2/ = 3 n/8 and 
X8 
»D - »A = -<3 V8 e Rsat) ='7'^0) . (23) 
Values for (N^ - NA) obtained for the samples of MggSi are 
listed in Table 7. The saturation value of the Hall 
Table 7. Saturation carrier concentration (Nn - N.) in 
MggSi samples 
Sample ND - NA 
( cm"3 ) 
n-type 19B-1 3.5(10) 7 
22B-1 8(10) 6 
22B-3 (10) 7 
23B-3 3(10) 7 
27B-1 (10) 7 
p-type 25B-2 -7(10) 7 
26B-1 -4(10) 7 
51 
coefficient was taken from the level portion of the Hall 
coefflclent-vs-l/T curve, or from the knee of the curve, 
just before the intrinsic fall-off. 
6. Mobility 
The quotient of R and p is given by 
H _ "T2 "fn2 " w/ 
f T + PHp 
In the extrinsic range n or p ~ O and 
(24) 
e * —2 n,p 
In the intrinsic range n^ = p^ and 
~ * ~p V-n ^ (25) 
R/p s -[T5/ t2](^n ~ ^p) * (26) 
R/ç> is sometimes called the Hall mobility or the apparent 
mobility. 
It is convenient to represent the mobility in terms of 
the temperature: 
= DTa . (27) 
It is usually assumed for ease of analysis that ^  and JJ. 
vary in the same manner with the temperature. Then 
(R/ç ) = const Ta . 
A plot of log (R/ç ) vs log T is shown for the differ­
ent samples in Figures 12 and 13. The slope of the curves 
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at any selected temperature gives the value of a at that 
particular temperature. The intrinsic-region slopes are 
listed in Table 8. 
Table 8. Intrinsic-region slopes of curves log (R/ç> ) vs 
log T 
Sample Slope 
n-type 19B-1 -2.2 
Z'23-l -2.2 
22B-3 -2.3 
23B-3 -2.6 
27B-1 -2.8 
p-type 25B-2 -1.9 
26B-1 -2.9 
R/ç for the different samples at 300°K is given in 
Table 9. The values in all cases except for 22B-3 are 
averages of at least two separate determinations, one taken 
during the low-temperature and one during the high-temperature 
series of measurements. 
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Table 9. (R/ç ) at 300°K for Mg^Si 
Sample (R/e ) 
(cm /volt-sec) 
n-type 19B-1 282 
22B-1 380 
223-2 390 
22B-3 I4.O6 
23B-3 292 
27B-1 397 
p-type 21B-1 45 
21|B-1 U2.5 
25B-2 56.5 
26B-1 51.3 
The true extrinsic mobility u -, can be obtained from 
—ô n,P 
Equation 25 if one knows T / t . For non-degenerate sam­
ples with spherical energy surfaces in which the extrinsic 
temperature dependence of (R/Ç ) is approximately -1.5, 
4 p 
T / = 3%/8 = 1.178; for lower temperatures the slope 
of log (R/ç ) vs log T may approach + 1.5, with the advent 
of ionized-impurity scattering, and T2/ T2 will take the 
value 1.93. If the energy surfaces are not spherical 
(E / P2/2mn p) further change is introduced into T2/ ~2. 
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The true extrinsic mobility may also be obtained from 
Equation 2 for the resistivity if one knows the number of 
carriers: 
lin = l/n e (> , np = 1/ P e Ç . (28) 
The carrier concentration may be nearly constant in the tem­
perature range where all the impurities are ionized, yet 
intrinsic conduction has not yet begun. A measure of this 
completeness of ionization is the Hall coefficient; if it 
becomes independent of the temperature just before the in­
trinsic fall-off, a temperature independence of the carrier 
—9 P 
concentration is also indicated if T / T also is 
tenperature-independent over the same range. The Hall-
coefficient-vs-reciprocal temperature curves for the p-type 
samples (Figure 11) are flat before the intrinsic fall-off; 
those for the n-type samples (Figure 10) exhibit more slope. 
Plots of mobility obtained from Equation 28 are shown 
in Figure II4. and Figure 15. n or p was taken equal to the 
saturation carrier concentration, Table 7. The slopes of 
these curves are given in Table 10. 
If one combines Equations 25 and 28 the result is 
(R/f )nAn = PV "r2 (29) 
The mobility outside the extrinsic temperature range 
cannot be derived with the results obtained so far; a 
knowledge of the mobility ratio b = t^n/^p is still needed. 
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Table 10. Extrinsic-region slopes of curves log mobility 
vs log T 
Sample Slope 
n-type 19B-1 •1 • 3 
22B-1 -1.8 
23B-3 -1.3 
27B-1 -1.5 
p-type 25B-2 -1.3 
26B-1 -1.0 
Methods for determining b are discussed in the following 
section. When it is known, one may solve the following five 
equations simultaneously for n-n , H-p» n and p: 
0 i i
 o
 I - p^2 (G = T2/ T2) (30) 
e (ntin + Wp)2 
? = l/e(nnn + p^p) (31) 
n = p + (Nd -
"A' (32) 
R _ -G 1 (33) sat e (Nd -
b = V^p • (34) 
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At temperatures large enough so that n and p are very nearly 
equal the equations above reduce to three: 
These equations were solved for the data of sample 22B-1. 
G was taken as 3n/8. n and p are shown as functions of l/T 
in Figure 16; ^  is plotted against T in Figure 17. These 
plots will be referred to in the discussion of scattering 
mechanisms in Section III. B. !(.. 
7. Mobility ratio 
The most straightforward way to obtain the mobility 
ratio is to divide (R/ Ç ) for an n-type sample by (R/ç) for 
a p-type sample. The mobility ratio of greatest interest, 
however, is one which is primarily a characteristic of the 
substance in question but not of any impurities which may 
be present. 
Plots of (R/Ç ) vs saturation carrier concentration are 
shown for n-type and p-type samples in Figure 18. It is 
indicated that at 300°K (R/Ç ) is indeed dependent on the 
impurity concentration. A value of the mobility ratio 
b = M-jj/M-p obtained by dividing some (R/ç ) for electrons 
-G b - 1 
eni b + 1 
(35) 
f = l/n1o(w-n + ^ p) (36) 
b = V^p (37) 
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from Figure 18 by (R/ç ) for holes is not strictly a charac­
teristic of MggSi, but of the impurities present as well. 
A less ambiguous method for the determination of the 
mobility ratio is given by an analysis of the Hall-
coefficient curve for a p-type sample (NA > NQ)• If one calls 
the value of the Hall coefficient on the relatively flat part 
of the curve at lower temperatures Rga^., denoting the satura­
tion value (complete ionization of impurities), and the 'max­
imum1 of the Hall coefficient after the sign reversal R^fly 
(see Figure 11), Breckenridge et al. (8) show that 
Wsat = " (b " U2/W> - (38) 
The assumption is made that 3b/ dn = 0, or that essentially 
b is temperature independent. Values of the mobility ratio 
b obtained from two p-type samples are given in Table 11. 
The mobility ratio may be computed in still another man­
ner by means of a method similar to one outlined by Shockley 
(58, p. 218). At the temperature TQ where the Hall coef­
ficient of a p-type sample is zero, Equation 8 yields 
np-n2 - PHp2 = 0 
or n/p = 1/b2 . (39) 
The product of n and p is a constant equal to n^2, so 
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n/p = n2/n±2 
and n/n^ = l/b . (40) 
If all impurities are ionized 
n = p + (Nd - Na) . (41) 
2 
Then, since p = ^ n, 
n = n12/n = ND - NA 
and n/ttj, = n^/n + (ND - ^ A)/n^ . (42) 
But n/n^ = l/b (Equation 40), so 
2/b = b + (Nd - NA)/n^  
b2 - 1 _ NA " % 
b ni 
(43) 
Using the relationships between R and n^ in Equation 35 and 
between Rgat and NA - in Equation 22, one may write 
b2 - 1 _ ~H1 b * 1 
b " Hsst b * 1 
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The Hall coefficient R has been written with a subscript 1 
to denote that it is the intrinsic Hall coefficient—the 
Hall coefficient at T = T@ for the case of an impurity con­
centration so small that the conductivity would be due 
entirely to electrons contributed to the conduction band 
from the valence band and the resultant holes in the valence 
band. 
R^ may be taken from an extrapolation to TQ of the 
curve log(RT^/2) vs l/T in the intrinsic range. Rg&t is, 
as before, the value of the Hall coefficient in the satura­
tion region before the intrinsic fall-off. The results of 
this calculation of the mobility ratio are shown in Table 11 
along with values of b determined by the Hall-coefficient-
1maximum' method outlined above. 
Table 11. Mobility ratio b = for MggSi 
Sanple Rgat Ri<To' b Rmax b 
25B-2 10.1 -32.4 5.0 -6.1 4.2 
26B-1 11.51 -38.9 5.2 -9.18 5.0 
Average value of b = 4*8 
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8. Energy gap 
The value of R in the intrinsic range is obtained from 
Equation 8 when one sets n = p = n^ (Equation 10). When 
each side of the equation is multiplied by T^2 the result 
is 
RT3/ 9 2 ,Vp)3A ^n + *P 
The assumptions made at this point are 
33 - % 1 
T2 "n * >*p 
is not a function of T and 
AE = AE + B T . 
o x 
If they hold, 
logtRT3/2) = log 
(4-5) 
1 T? ^n - < &En , 0 1 
p. + p, + 2k" T 9 
T n 'p. 
(46) 
L" " V " ^ J " * 
where 
S = 2(2% k/h2)3/2 (m^m^)^ exp(- (i/2k) . 
If log(RT^/2) is plotted as a function of 1/T, the slope of 
the curve will be AE^/2k and the ordinate intercept will be 
log constant. This plotting was carried out for five n-type 
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and two p-type samples of Mg^Si. Least-square analyses were 
made in which the points in the intrinsic range were fitted 
to straight lines. The results are shown in Table 12. 
Curves for an n-type and a p-type sample are shown in Figure 
19. 
Values of AEQ obtained in this way may be compared with 
those obtained from resistivity and mobility measurements. 
Resistivity in the intrinsic range is given when n = p in 
Equation 5» If one takes the temperature dependence of n-n 
equal to that of then 
ttn + P-p = (E> F) T° (1+7) 
so that 
f = 1/îijL e(D + F) Ta = (l/e(D + F)S T3/2Ta) exp(AEQ/2kT) (1|S) 
and 
logCÇT3/2 + a) = log l/e(D + F)S + (AEy2k) (l/T). (U-9) 
If a is known, log(Ç T^/2 + a) may be plotted against l/T. 
Again the slope will be AEQ/2k; the ordinate intercept will 
have the value log | l/e(D + F)S J . 
Values of AEQ obtained from slopes of curves log 
(^ yg l/T for three different values of a are given 
in Table 13. These values of AEQ will correspond to the true 
energy gap only in the case where a is the intrinsic tempera­
ture dependence of the mobility. 
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Table 12. AE obtained from slope of log(RT^/2) vs l/T 
o ——— 
Sample AEq (ev) 
n-type 19B-1 0.813 
22B-1 0.791 
22B-3 0.737 
23B-3 0.859 
27B-1 0.787 
p-type 25B-2 0.700 
26B-1 0.801 
Average Value 0.784 ev 
Table 13. AEq obtained from slope of log(p T^/2 + a) vs l/T 
Sample AEq (ev) 
a = -1*5 -2.0 -2.5 
n-type 19B-1 0.70 0.75 0.85 
22B-1 0.69 0.75 0.89 
22B-3 0.70 0.76 0.82 
23B-3 0.68 0.77 0.84 
27B-1 0.69 0.77 0.83 
p-type 21B-1 0.69 0.73 0.83 
25B-2 0.71 0.78 0.84 
26B-1 0.72 0.77 0.82 
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9» Effective mass 
It has been shown in Section III. A. 8. that the ordi­
nate intercept when log(RT^ /2) is plotted against l/T is 
_ I b - 1 
log . -y .•?/* 
(Wr W 3A 
When these curves were fitted to straight lines by least 
squares the average result for the ordinate intercept was 
1.688. b is known from the present investigation to be 4.8 
(Section III. A. 7.). The value of (S was not available 
from results of this work; Winkler (64), however, found 
^ = -6«4(10)"^ev/deg.K. T2/ is taken equal to 1.178. 
The result for m^m^ when the above expression for the inter­
cept was set equal to 1.688 was 
m^ iUp = 0.40 m2 . (50) 
m^ and mp may be separated if one assumes the deforma­
tion potential (change in energy of the band edge per unit 
lattice dilitation) is the same for electrons and holes. 
Then, according to Shockley's (58, p. 278) expression for 
the acoustical-mode lattice-scattering mobility, 
b = V^p = ' (51) 
Using b - 4*8, one solves Equations 50 and 51 to find 
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mn = 0.46 m 
m = 0.87 m . 
P 
10. Carrier concentrations 
In the extrinsic temperature range one may determine n 
—? p 
or p with the help of Equation 7, where T / ^  is taken as 
3it/8 for the non-degenerate case with acoustical-mode lat­
tice scattering. 
In the intrinsic range n and p are equal and may be 
obtained from a solution to the three equations 35, 36 and 
37. 
In the temperature range where both types of carriers 
are present but not in equal numbers, n and p are obtained 
from a simultaneous solution to Equations 30 - 34» 
A plot of n and p for sample 22B-1 as functions of re­
ciprocal temperature is shown in Figure 16. The curve drawn 
in is the theoretical curve for n in the intrinsic region 
given by Equation 52 in which EC - Ey = AEq +(3 T. 
AEq = 0.78 ev, a result of this investigation (Section III. 
A. 8.). m^nip = O.I4.O m2 (Section III. A. 9.) and Winkler's 
(6l|.) value of , -6• 4( 10)"^ev/deg.K, were used. 
ni = pi = 82(10)^  (0.40)^ /^  1^ / 2  @3.71 e-45l0/T# (52) 
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11. Impurity levels 
At lower temperatures the electrical conductivity in 
semiconductors is due almost entirely to the existence of 
impurity-atom energy levels between the valence and the con­
duction band (Wilson (63, pp. 1114.-5)). The number of car­
riers contributed by donor impurity atoms with valence-
electron energy levels of energy E^ is given by 
n = (2n itycT/h2)3/^ N^2 exp (-AE1/2kT) (53) 
where AE^ = EQ - E^. 
When this expression is substituted into Equation 7 for 
the Hall coefficient it may be seen that a plot of log(RT^/^") 
vs l/T should give a straight line with slope AEj/2k. When 
this plotting was carried out, however, non-linear curves 
with negative slopes were obtained. It would appear that 
Equation 53 is not an accurate representation for the car­
rier concentration in the temperature range 77° - i|.00oK. 
An explanation for the failure of Equation 53 may be 
that AE^ is so small that essentially all the impurity atoms 
are ionized at temperatures 77°K and below, and n is nearly 
constant. In this case the assumption used in deriving Equa­
tion 53 that | Ejj - Ef | »kT would be invalid and the carrier 
distribution would be degenerate. 
No values for the energies of impurity levels have re­
sulted from this investigation. 
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12. Errors 
Errors in the present work may have been introduced in 
the following ways: 
equipment calibration 
sample dimensions 
temperature variation 
spurious voltages (e.g., Ettingshausen effect) 
instability of sample 
a. Equipment calibration The Kay Lab Meter calibrator 
which served as a current source had an output constant with­
in 0.05 per cent. Voltages measured on the Rubicon type B 
potentiometer were measured with an accuracy depending on 
the resistance of the sample, and hence the sensitivity; 
voltages were generally accurate to one microvolt. 
At 300°K the resistivity potential probably contained 
less than 10~2 per cent error; the Hall potential was accu­
rate to about one per cent, depending on the value. At 900°K 
the resistivity potential might have been in error by 0.1 per 
cent and the Hall potential by 10 per cent. 
The Varian magnet had a highly uniform field, but the 
maximum error in calibration at 10,000 gauss was taken to be 
50 gauss; this would introduce a 0.5 per cent error at maxi­
mum. 
One may read the Leeds and Northrup potentiometer to 
about two microvolts up to 16 millivolts, and to about 10 
microvolts between 16 and 75 millivolts. For the copper-
7k 
constantan thermocouple this corresponded to about 0.1* at 
100°K and 0.05° at 300°K. For the chromel-alumel thermo­
couple, used with the manufacturer's corrections, the error 
was 0.05° below 660°K and 0.25* from 660® - 1000°K. 
The maximum error percentage in the Hall effect due to 
all the equipment would have been approximately two per cent 
at 100°K and 300°K, and perhaps 10 per cent or more at 900°K 
and above. 
b. Sample dimensions Mg^Si samples had approximately 
rectangular cross sections. Error in determining the cross 
section is estimated at four per cent maximum. 
Error arose in the determination of the probe separa­
tions for resistivity measurement because one had difficulty 
in seeing just where the probes touched the sample, and be­
cause of the finite width of the probe point. Maximum error 
introduced into the resistivity in this way could have been 
about 10 per cent for some samples. Probe separation does 
not enter into the Hall calculations; the thickness may be in 
error by two per cent, however. Maximum error in the Hall co­
efficient due to errors in measuring the sample would be two 
per cent. Maximum error in the resistivity due to error in 
sample cross section and probe separation might have been 
the order of 11+ per cent, depending on the sample. One 
should remember, however, that much useful information is 
gained from the slopes of curves involving the logarithm of 
the Hall coefficient and the resistivity, and that these 
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slopes are not affected by constant multiplicative errors of 
the type just discussed. 
c. Temperature variation It was mentioned earlier that 
temperature was held constant within a degree or less from 
77° - 300°K and within two degrees from 300° - 1000°K. The 
error in resistivity due to a two-degree temperature change 
in the intrinsic range is only one or two per cent. 
However, at elevated temperatures when the resistivity 
and Hall voltage become very small, this change may cause 
difficulty. For example, at 1007.9°K for sample 22B-1, the 
Hall voltage is given by 
VR = -71+..2+66.2^-74..7+6?.5 = _^.60 nv . 
If over the period required for the reading, the temperature 
was not steady, and if the last number had been 64»5 instead 
of 63.5 (a change of 1.6 per cent), then V^ = -4.55 W-v, a 
change of 0.25/4.80 or 5.2 per cent. 
Stable temperatures are imperative for correct deter­
mination of the Hall effect when the measured voltage ap­
proaches the error voltage caused by temperature change. 
d. Spurious voltages Voltages introduced due to tem­
perature gradients along the sample and by interaction of the 
magnetic field with the electric and heat currents have been 
mentioned in Section II. D. 4* Corrections outlined there 
have been applied in this work so that only the relation 
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between Vg, the Ettingshausen potential, and V^, the Hall 
potential, need now be obtained. 
Johnson and Shipley (32), in their study of the adia-
batic Hall effect in semiconductors, derive a relationship 
between the adiabatic Hall constant R and the isothermal 
a 
Hall coefficient R^. The term adiabatic means the tempera­
ture gradient in the x-direction is zero and the heat cur­
rent in the y-direction is zero (Figure 7). The conditions 
for the isothermal Hall effect are dT/dx = dT/dy = 0» With 
dT/dy = 0, there will be no Ettingshausen effect. Thus 
(R - R,)/R_ is a measure of the role played by the Ettings­
hausen effect in Hall effect measurements: 
An estimate of (R& - Rj)/Rj  for Mg^Si could be made if 
the thermal conductivity were known. Busch and Schneider 
(11) have reported the thermal conductivity for MggSn. For 
lack of a value for the thermal conductivity of Mg^Si a value 
of 0.02 watt/cm-deg was taken from an extrapolation to higher 
temperatures of Busch and Schneider's curve. Results of the 
estimate of (R& - RJ)/RJ indicate it may equal nine per cent 
at 1000°K, and is perhaps less than four per cent for tem­
peratures less than 800°K. 
e. Instability of sample MggSl samples were always 
found to deteriorate somewhat during electrical-measurement 
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runs from 300° - 1000°K. The surface turned black and pow­
dery; tnere was evidence of evaporated magnesium inside the 
sample chamber. 
Several determinations of the electrical resistivity 
were made for sample 25B-2 with decreasing temperature. 
That these points fell so close to those taken with increas­
ing temperature indicates the sample did not undergo any 
drastic bulk changes due to heating. This resistivity curve 
is shown in Figure 20. 
Sample 26B-1 was taken to elevated temperatures twice. 
This sample was one of those less uniform, and at 300°K the 
resistivities were 0.51 and 0.27 ohm-cm. At temperatures 
above 525°K, however, the resistivity curves agree quite 
closely. The two curves for MggSi sample 26B-1 are shown 
in Figure 21. The slopes of the curves are 0.73 ev/2k and 
0.72 ev/2k. 
B. Interpretation of Results 
1. Preparation 
Undoped single crystals of MggSi prepared for this in­
vestigation had saturation carrier concentrations 
( Np - NaI = 8(10)^ - 7(10)*^cm~3. That (N^ + N^) was not 
an order of magnitude or more greater than | Np - NA | (high 
compensation) is indicated by the (R/Ç) ) curves, Figure 12, 
which show higher values and increasing slopes for samples 
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with lower values of (N^ - N^). If and were both very 
large for sample 22B-1, and yet had a small difference, both 
the absolute value and the slope of the mobility of sample 
22B-1 would be expected to be lower due to impurity scatter­
ing dependent on (ND + N^) and (Equation 15)• 
The number of donor impurities in the undoped samples 
was always greater than the number of acceptors, and (N^ - N^) 
varied only by about a factor of four for five different sam­
ples. Doping with silver or copper always produced p-type 
samples, although often of an inhomogeneous nature, with 
(Na - Nd) increasing as the doping was increased. These re­
sults are shown in Table 14» Spectrographic analysis of four 
of the five n-type samples showed Fe, Ca, Ou and Ag present 
in each. Since doping with iron produced n-type material, 
iron was considered the dominant impurity in the n-type sam­
ples. 
Table ll|.. Saturation carrier concentration (N* - ND) in 
doped samples 
Sample Doping Agent Concentration NA-ND R/E 
cm"3 -3 cm ^  P cm /volt-sec 
21B-1 Silver 2.6(10)19 (10)19 hS 
21<B-1 Silver 1.1(10)19 (10)19 42.5 
25B-2 Silver 3.7(10)18 7(10)17 56.5 
26B-1 Copper 6.3(10)18 4(10)17 51.3 
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This constancy of inherent impurity indicated by 
(Nd - N^) for the n-type samples, the successful preparation 
of p-type samples and the presence of the same type of im­
purity in all samples as shown spectroscopically indicates 
that the n-type or p-type nature of the sample depends 
mainly on introduced impurities rather than on the more com­
mon cause in the case of many intermetallic compounds, de­
parture from stoichiometry. Indeed, the limit of accuracy 
in determining the mass of the constituents was one part in 
(10)\ which could have led to an excess of one constituent 
as high as 3(10)l8cm~3. Further, evaporation of magnesium 
from the melt, even under a protective atmosphere, or seep­
age through the somewhat porous carbon crucible could have 
caused departures from stoichiometry much larger. However, 
no evidence for introduction of donors or acceptors by means 
of an excess of one constituent was observed. One attempt 
was made to prepare a p-type ingot with one per cent excess 
magnesium; the excess magnesium was expected to occupy sili­
con sites and act as acceptors. Although the ingot was 
decidedly magnesium-rich, n-type conduction prevailed. 
This failure to induce impurities by deliberate de­
parture from stoichiometry was also experienced by Boltaks 
(6) in MggSn and by Ellickson and Nelson (19) in MggSn. 
Boltaks was unable to prepare p-type material in this manner, 
while Ellickson and Nelson's samples were always p-type. 
They attributed this p-type behavior to substitution of 
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magnesium for tin. It is difficult to reconcile this opin­
ion with the results of Boltaks. 
More evidence for a characteristic stability of the 
antifluorite structure and an intolerance toward vacancies, 
interstitlals and even impurities on lattice sites has been 
given by Hume-Rothery and Raynor (30), who showed that MggSn 
forms little or no solid solution with atoms such as In and 
Al. This indicates MggSn is more like a true valence com­
pound than merely a phase, the structure of which is deter­
mined by the ratio of electrons to atoms, Klemm and West-
1inning(35) pointed out that a phase width in MggX compounds 
towards the X-rich side would be expected if the X atoms 
had a valence somewhat less than four; that is, if the com­
pounds were of variable composition and not accurately de­
scribed by the formula MggX. They observed no such wide 
phase width in any of the four compounds of the family, and 
placed a limit of a few hundredths of an atomic per cent on 
the phase width. 
Pauling (lj.8, p. 179) gives covalent radii for the fol­
lowing atoms: Mg, l.!|0 A; Si, 1.17 A; Cu, 1.35 A; Ag, 1.53 A 
and Al 1.26 A. Although copper and silver could act as ac­
ceptors on either magnesium or silicon sites, it is assumed 
they occupied the magnesium sites in the doped compounds 
prepared for this investigation since there is more room at 
these sites (the distance between magnesium and silicon sites 
in MggSi is 2.75 A), and since there is more likelihood of a 
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deficiency of magnesium. Aluminum doping produced n-type 
material; the aluminum presumably occupied the roomier mag­
nesium sites also. That the copper and silver entered the 
lattice interstitially is rejected since under these condi-
ft 
tions they would probably have served as donors rather than 
acceptors. The fact that these doping impurities went into 
the lattice very unevenly adds further weight to the argu­
ment for a stable antifluorite structure. 
There is much evidence, then, that the antifluorite 
structure is stable against departure from stoichiometry, 
vacancies, interstitlals and impurities: 
1. High-purity samples of Mj^Si were obtained 
from an only approximately stoichiometric 
melt. 
2. P-type or n-type behavior was a function of 
introduced impurities rather than departure 
from stoichiometry. 
3. Induced impurities occupy the lattice sites 
rather than interstitial sites. 
4. The MggX compounds appear to be true com­
pounds and not simply intermetallic compounds 
with an appreciable phase width. 
2. Electrical properties 
Electrical resistivity as a function of temperature may 
have a large absolute error due to Inaccuracies in measure­
ment of the sample and the probe spacings (Section III. A. 
Qh 
12.), but because of the larger voltages involved in its 
measurement, and smaller relative error due to spurious 
voltages and temperature changes, it is a smoother function 
than the Hall coefficient. Very little information con­
cerning the sample may be obtained from the resistivity 
alone, however, because of its dependence both on the num­
ber of carriers and on the mobility. Although one usually 
thinks of a semiconductor as a material in which resistivity 
falls with increasing temperature, all samples of MggSi ex­
hibited rising resistivity in the temperature range 100° -
400°K. This resistivity behavior is due mainly to the mo­
bility since the carrier concentration is increasing very 
slowly with temperature in this temperature range. 
The resistivity of most samples was determined twice as 
a function of temperature in the range 77° - 300°K and the 
agreement between runs was within a few per cent. P-type 
sample 26B-1 was run only once at low temperatures. The be­
havior of the resistivity of this sample at low temperatures 
(77° - 300°K) may have been affected by the non-uniformity 
of the sample — about a factor of two change in resistivity 
at room temperature along the sample edge. This non-
uniformity plays a less important role at higher tempera­
tures. 
The Hall coefficient contains more error due to 
thermally-induced voltages and temperature instability than 
the resistivity; it was, however, reproducible within a few 
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per cent at temperatures 77° - 300°K. There were no repeated 
high-temperature runs during which the Hall probes functioned 
properly at all times. 
The expression given in Equation 8 for the Hall coef­
ficient is true only for the case \sP~H^ « 1 (See Seitz (55, 
Chapter IV)). In the present case H = (10)^ gauss and was 
3 2 
never higher than about 4.2(10) cm /volt-sec. When gauss 
are divided by 108 to convert to practical units, p.2H2 is 
found never to be greater than O.lB. In the intrinsic re­
gion p-2H2< (lO)~^. No dependence on the magnetic field was 
established for the Hall coefficient in either n-type or 
p-type samples within the limits of error for the Hall effect 
discussed in Section III. A. 12. 
The mobility ratio was obtained by two different methods 
in Section III. A. 7. 4*8 is the value obtained from an 
arithmetic average of the four values in Table 11 which re­
sulted from the Hall-coefficient-maximum method and the Hall-
coefficient-zero method. 
The degeneracy temperature, below which Maxwell-
Bolt zmann statistics will not apply to the carrier distribu­
tion, is determined from T = 4»2(10)""H(m/m^)n2/3 (Section 
III. A. 2.). In the extrinsic range n or p is always less 
than or equal to ( N^ - N^ | . For the most impure n-type sam­
ple, (Np - N^) = 3.5(10)17CIJI"3. If this figure is taken as 
n and m/rn^ = 2.18 (Section III. A. 9.), the resulting de­
generacy temperature is 46°K. For the most impure p-type 
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specimen (N^ - ND) = 7(10)l7cm""3 and = l.li>« The de­
generacy temperature is then 38°K. 
At 1000°K, nt = p1 = 3.9(10)19cm"3 (Section III. A. 10.). 
The degeneracy temperature for this concentration of elec­
trons is 1060°K and for the hole concentration it is 560°K. 
Thus the distribution of electrons is just becoming degener­
ate in the neighborhood of 1000°K, the limit tenperature in 
this investigation. The hole distribution is still non-
degenerate at 1000°K. For the electron concentration at 
970°K (2.8(10)^9cm"3) degeneracy temperature has dropped 
to 81lO°K. 
The energy gap has been obtained from the least square 
slopes of curves log(RT3^2) vs l/T and from the slopes of 
log( ç Ta + 3>^2) vs l/T, where a is the tenperature dependence 
of (R/ç ) in the intrinsic region (Section III. A. 8.). The 
values of AEQ from the Hall curves are considered to be more 
reliable since the determination of a is difficult due to 
scatter of points and to the limited intrinsic range in p-
type samples. There is no reason to believe that a is strict­
ly constant over the intrinsic tenperature range. The average 
of seven values of AEQ is 0.78 ev. 
A comparison of Tables 12 and 13 shows, however, that 
the value of the energy gap from the slope of log(ÇTa + 3/2) 
vs l/T is generally consistent with that from the slope of 
log (RT3/2) vs l/T when a is near those given in Table 13. 
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The temperature dependence of T / ~r"2, b and m^nip, 
which were assumed essentially temperature independent during 
the derivation of the expression for the energy gap (Equation 
46), will be mentioned in Section III. B. 4* The assumption 
that AE = AEq + § T is one commonly made in work with semi­
conductors and is grounded on theoretical work by Fan (22). 
Lawson et al. (37) have shown the energy gap in MggSn is ap­
proximately linear with temperature in the range 100° - 300°K. 
3. Mobility 
The electron mobility for the sample with the lowest 
impurity concentration (8(10)"^cm~3), 22B-1, was determined 
over the entire temperature range 77° - 1000°K (Section III. 
2 
A. 6.). The value at 300°K was 350 cm /volt-sec; the mo­
bility determined from the resistivity for the same sample 
at 300°K was 352 cm2/volt-sec (Figure 14). (R/ç> ) at 300°K 
was 390 cm /volt-sec. 
'A p 
(R/ç )n/M-n is equal to T / x « In the present case 
the value was 1.11 at 300°K, close to 3^/8 = 1.178; however, 
it approached 1.45 at 180°K. 
The intrinsic slope of log(R/p ) vs log T for 22B-1 was 
-2.2; for y.n it was -2.3• The slope of the curve for 22B-1 
in Figure 14 is -1.8 compared with a slope of -2.2 for 
(Figure 17) and -2.2 for (R/p ) (Figure 12). The slopes of 
(R/ç ) and n-n in the temperature range 180° - 400°K are ob­
tained with difficulty because of a bump in the curve between 
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300°K and 400°K. This bump does not appear on the resis­
tivity mobility curve. 
Mobility for a p-type sample was not determined over 
the entire temperature range 77° - 1000°K. Low-temperature 
values for (R/^ ) are not in agreement; one sample had slope 
of log (R/^i ) v£ log T nearly equal to -1 in the temperature 
range 77° - 200°K and the other had a slope nearer -3 in the 
same range. 
From 200° - l+OO'K the slope for both p-type samples ap­
proximates «1.5. (Figure 13). The slopes of log ^  vs log T, 
where is derived from the resistivity, are -1.0 and -1.3 • 
(Figure 15). Values of (R/^ ) at 300°K were 56.5 cm2/volt-
sec and 51*3 cm /volt-sec for the two samples. It is obvious 
that (R/^> ) for the n-type samples at 300°K divided by these 
values does not give b = 1|.8. Reasons for this were dis­
cussed in Section III. A. 7. 
Values of the mobility obtained from conductivity at 
2 300°K are Ip. and 57 cm /volt-sec respectively for the two 
p-type samples. Since T 2/ ~2 = (R/£ )/|x, T 2/ ~2 = 1.38 
for 25B-2 and 0.9 for 26B-1. 
The conclusion is that the electron mobility and (R/p ) 
for n-type material vary as T™2,2 or faster above 160°K for 
the purest sample, while the hole mobility and (R/^> ) for 
p-type material vary more nearly as Ta, where -1.5 < a <-1, 
in the tenperature range 200° - lj.00°K. Low-temperature 
and high-temperature portions of the curve log (R/^) ) vs 
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log T for sample 26B-1 do not match well at 300°K, probably 
due to inhomogeneities in the specimen, the highest of any 
of the samples. This inhomogeneity was tolerated because 
of the p-type character of the sample. 
Attention has been called to the dependence of (R/ç ) 
at 300°K on saturation carrier concentration (Section III. A. 
7.). It is interesting to consider as a function of satura­
tion carrier concentration the slope of log p, vs log T taken 
from Figures 14 and 15 : 
Table 15. Mobility and slope of log p. vs log T compared with 
(ND - V 
Sample »D " »A 
cm""3 
IX 300°K 
2 
cm /volt-sec 
Slope of log p, 
vs log T 
(~200°-400°K) 
n-type 19B-1 3.5(io)17 212 -1.3 
23B-3 3(10)17 260 -1.3 
27B-1 (10)17 313 -1.5 
22B-1 8(10)16 352 -1.9 
p-type 25B-2 -7(10)17 41 -1.3 
26B-1 -4(10)17 57 
0
 
•
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90 
Even for the highest-purity specimen the mobility slope has 
not reached the intrinsic value, between -2.0 and -3.0, at 
400°K. Because the mobility increased in value and varied 
more sharply with temperature for increasing purity it is 
concluded that at least up to I|.00oK impurity scattering still 
played a role in all n-type samples of Mg^Si tested. The re­
sults for the two p-type samples were unclear. 
4. Scattering mechanisms 
Nearly every investigator working with semiconducting 
compounds from the MggX family has observed for curves 
log (R/Ç ) vs log T intrinsic slopes -2.0 or steeper (Tables 
1 and 3). The results of the present investigation were in 
agreement: slopes of -2,2 to -2.9 were found. 
In the intrinsic range 
R/Ç = -( f2/ ~ Kp) = -( T2/ T (1 - 1/b). (55) 
Temperature dependence of (R/ Ç ) may depend in turn on the 
—pr p 
temperature variation of f / T » itself or b. A tem­
perature dependence in b implies p>n and p. vary with tempera-
o 
ture in different ways. Averages of T and T over the car­
rier distribution depend on the shape of the energy surfaces, 
the scattering mechanism and the statistics which apply to 
the distribution. An inexact knowledge of the energy sur­
faces and the scattering mechanism prevents further examina-
—? o 
tion of the temperature dependence of T / T . 
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Perhaps a more likely cause of the rapid fall-off of 
(R/ç) with increasing T is either the temperature dependence 
of txn or of b. The slopes in Table 10 for the p-type samples 
are somewhat less steep than those for the n-type samples. 
The slopes of log (R/^> ) vs log T for p-type samples from 
200° - lj.00°K are also less steep than for the n-type samples 
(Figures 12 and 13). The lower slopes in both cases may be 
due to the lower purity of the p-type samples rather than any 
real difference in temperature dependence. Extrapolation to 
higher temperature would be difficult in any case. Values 
of b obtained in Section III. A. 7. from p-type sample data 
are essentially for the same temperature, so no insight into 
the variation of b with tenperature is gained in this manner. 
Although temperature dependence of b (especially b(T)->1) 
may play an important role in the (R/f ) fall-off, it will 
not be considered further here, b has been assumed constant 
and hence nn and have been assumed to vary in the same 
manner with temperature. 
A behavior certainly easier to investigate is that of 
(j>n. Log iin vs log T for n-type sample 22B-1 is shown in 
Figure 17. Attempts were made during this investigation to 
explain the tenperature dependence and magnitude of this mo­
bility (^i/ T~2"2 above 160°K) by means of scattering mainly 
by optical-mode lattice vibrations and scattering mainly by 
electrons and holes. No attempt was made to fit any section 
of the mobility primarily to a T~3/2-law predicted for 
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scattering due to acoustical-mode lattice vibrations since 
no appreciable T~"^2 portion of the curve was observed at 
any temperature. Acoustical-mode scattering may have been 
present, of course, but it is not believed to have dominated 
over any appreciable temperature range in the n-type samples. 
Optical-mode scattering is certainly to be expected in semi­
conducting compounds where the mass of the atoms is not the 
same, the nuclear charges are different and more than one 
atom occupies a primitive unit cell. 
At temperatures up to lj.OO°K the mobility derived from 
the resistivity and (R/f ) were still strongly dependent on 
the impurity concentration (Table 9, Figure lij.). For this 
reason some contribution to the total scattering was expected 
from impurities. 
a. Optical-mode scattering analysis For the analysis 
of optical-mode scattering the Howarth-Sondheimer formula 
in Table 6 was used. Petritz and Scanlon (lj.9) point out that 
Q., the effective ionic charge, is to be replaced by Q/f1, 
where € 1 is the high-frequency dielectric constant of the 
medium. In the present work no distinction was made between 
£' and the static dielectric constant € . Any analysis of 
optical-mode scattering in MggSi is handicapped by the lack 
of experimental values for € , Q and 0 in Equation 1^ .. 
For the present analysis Q/«f was considered an adjust­
able parameter and G was estimated by use of the method of 
melting points discussed by Mott and Jones (1^5, pp. 12-15) > 
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who give 
6 = 137(TM/AV2/3)1/2 . (56) 
TM is the melting points of MggSi (1363°K), A is the average 
atomic weight (25*57) and V is the atomic volume (17.6 cm3). 
@ obtained from Equation 56 was I|26°K. For comparison, Q 
for germanium is 250* - L4.00°K; for silicon, 658°Kj for OAF^, 
W K  ( 3 ) .  
In Equation llj., a for MggSi *a 2#75(10)"®cm, M = 13*03 
atomic mass units, and m^, as determined in Section III. A. 
9., is 0.1jj6 m. 
Log T1//2(e®/T - 1)G(©/T) from Equation li|. is shown in 
Figure 22 for © = 200°, I4.OO0, 600° and 800°K, plotted against 
log T. G(©/T) is given by Howarth and Sondheimer (29) in 
their paper, log vs log T for 22B-1 is shown in the same 
figure, plotted to the same scale. Adjustment of the con­
stant in the expression for mobility due to optical-mode 
scattering (Equation II4.) will shift the exponential family 
of curves up and down but will not change their shapes or 
slopes. 
It is evident from Figure 22 that the scattering by 
optical modes alone cannot account for the temperature de­
pendence of the experimentally observed mobility at tempera­
tures above the Debye temperature. The slope of the optical-
mode curves is not steep enough above the Debye temperature 
wO 3 
to give a temperature dependence near T~ . 
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In the region 125° - 300°K, however, the optical-mode 
curve for 9 = lj.OO°K approximates the slope of the experi­
mental curve. Because ionized-impurity scattering was be­
lieved to be a contributing factor to the mobility up to 
400°K, a fit to the experimental curve was made by means of 
the formula 
1/H = l/no + 1/Hj (57) 
where ^  is the optical-mode mobility and ^  is the mobility 
due to ionized-impurities ; p, is the experimental value. 
\lq = 2.15( 10)"2A1T1/2(e6/T - 1)G(Q/T) , (58) 
2 2 
where = 6 /? and F is the fraction of the charge on the 
magnesium and silicon atoms which contributes to ionic bond­
ing. 0< F < 1; F = 1 implies total ionic bonding, F = 0 im­
plies total covalent bonding. The effective ionic charge Q 
on magnesium is 2Fe and on silicon, tyFe. 
was determined from the Conwell-Weisskopf equation 
in Table 6. was set equal to (N^ - N^) = 8 (10)^cm""3 for 
sample 22B-1 and m^ = 0.1+6 m (Section III. A. 9.) • For the 
dielectric constant £ in the logarithm in the denominator 
of Equation 15 a value was obtained in the following way. 
Moss (44) has noted that in semiconductors the product AEQ £ 
is roughly a constant. An average of eight values quoted by 
Madelung (39) in his review article on semiconductors gives 
p 
AEq£ =155» This relationship is not understood 
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theoretically. Using 0,78 ev for AEq, one obtains 6 - 1Î+ 
for MggSl. This value of 6 was used in the denominator of 
Equation 15 i the 6 in the numerator was taken as an adjust­
able parameter, however. This procedure is justified since 
the logarithm is quite insensitive to £ j if £ were seven 
instead of ll|. the logarithm would go from approximately two 
at 100°K to about five at 450°K instead of 3*5 to 6.5. 
The expression used to calculate was 
= 6.10(10) "^T^/ln (1 + 3.52(10)~3T2) (59) 
2 
where Ag = 6 
Strictly, one obtains the mobility due to a combination 
of scattering mechanisms by adding the reciprocal relaxation 
times for the different mechanisms and averaging these over 
the carrier distribution. For the exploratory work in ana­
lyzing the present mobility behavior, the approximation of 
addition of reciprocal mobilities was made at a great saving 
in labor. 
Because there were two adjustable parameters, A^ and A^, 
two experimental values of n and T were substituted into 
Equation 57 and the two resulting equations were solved 
simultaneously for A^ and A^. A reasonable fit to the ex­
perimental curve was obtained when A^ = 575 and Ag = 355* 
This fit is shown in Figure 23. A^ = 355 implies S = 18.8. 
A1 = €Z/F2} if £ 2 = 355, F2 = 0.62, F = 0.78 and one would 
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conclude that about 78 per cent of the charge 2e for magne­
sium and l+e for silicon contributes to ionic bonding. The 
value of Ag, however, is rather sensitive to the curve-
fitting process; A^ is much less sensitive, and the value 
2 
of £ obtained from A^ is likely more reliable than that of 
€obtained from A^. 
Combinations of acoustical-mode lattice-vibration scat­
tering and scattering by optical-modes gave poor fits to the 
experimental mobility curve for n-type material in the tem­
perature range 77° - l|.00oK. 
b. Electron-hole scattering analysis The electrons 
and holes may act as ionized-impurity scattering centers 
themselves. When the carrier concentrations become large 
this scattering may be important in determining the mobility. 
The Conwell-Weisskopf formula for ionized-impurity scattering 
takes the form shown in Table 6, Equation 18, when the scat-
terers are the electrons and holes. Even though the mobility 
due to electron-hole scattering varies as T3/2, it is likely 
to be significantly small at high temperatures due to the 
exponential increase with temperature of the carrier concen­
tration n and p which appear in the denominator. 
For substitution into Equation 18, m^ = 0.!|6 m, 
mp = m (Section III. A. 9.), n and p were calculated ac­
cording to the methods explained in Section III. A. 10., and 
S was taken as a parameter. Then 
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^eh = 6.05( 10)l662T3/2/(np)1//2 ln(l+3.24(10)6f2T2/(np)1/3). 
(60)  
For the purpose of plotting log from Equation 60 
vs log T, a value of £=11*. was inserted into the denomi­
nator. This logarithm affects the absolute value of p. ^ but 
has little effect on the slope. Log (J.Q^ VS log T is shown 
in Figure 2I4. along with log |x vs log T for sample 22B-1. The 
scales are the same for both curves. The temperature depend­
ence of from lj.000 - 1000°K appears to make electron-hole 
scattering a likely mechanism to explain the behavior of the 
mobility of sample 22B-1. 
Difficulty is encountered, however, when one looks at 
p 
the magnitude of For £ = 1I4., p. ^ = 2980 cm /volt-sec 
at 630°K while the experimentally observed value of is 
p P 
68 cm /volt-secj at T - 1000°K, = 232 cm /volt-sec and 
p 
the experimental value is 22.5 cm /volt-sec. 
The possibility exists, of course, that the dielectric 
constant is considerably less than 14.J this would lead to a 
lower value of possibly the same order of magnitude as 
p.. A further reduction in the predicted mobility would arise 
if acoustical-mode or optical-mode scattering were considered; 
either contribution is likely to be greater at the lower end 
of the temperature range 400° - 1000°K, just where it is most 
needed since the mobility due to electron-hole scattering de­
parts more from the observed mobility at the lower temperatures. 
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101 
Because the temperature dependence of the mobility due 
to optical-mode scattering was so low above the Debye tem­
perature, scattering by acoustical modes, which leads to a 
mobility variation T~3/2, may have become as important as 
o 
that due to the optical modes in the temperature range I4.OO -
1000°K. Acoustical-mode scattering was believed to have 
been relatively less important in the temperature range 77°-
400°K. A line with slope -3/2 is given in Figure 21 for 
comparison with the temperature dependence of the exponential 
family. 
Combinations of optical-mode and electron-hole scatter­
ing and acoustical-mode and electron-hole scattering were 
both tried. 
A fit to the experimental mobility curve was first made 
with the expression 
l/p. = l/neh + l/p.Q (61) 
where p, is the observed mobility and p, ^ and pQ are the mo­
bilities due to electron-hole and optical-mode scattering 
from Equations 60 and 58. £ - B was taken as a parameter 
2 2 in the expression for p.^ and A^ = € /F in the expression 
for p,Q. A trial calculation showed £ to be the order of 10, 
which was substituted into the logarithm in the denominator 
for p. k for all subsequent calculations. 
The fit to the experimental mobility is shown in Figure 
23. For this fit B = £ 2 = 8.10 and A^ = £2/F2 = ip.2. 
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The implication is that 6 = 2.814- and F = (8.1/1+12)= 
0.14. 
A fit to the experimental curve was also made with the 
expression 
l/p = l/neh + V a^ (62) 
where p, is again the experimental value and p.^ and p.& are 
the mobilities given by acoustical-mode and electron-hole 
scattering theory, p.^ is taken from Equation 60 as above; 
p& = A^T--3/2. Because Equation 13 in Table 6 applies to 
purely covalent crystals, A^ may only be approximated by the 
constant term in that equation. For this reason, and since 
C, the electron-lattice Interaction constant in Equation 13, 
is not known, A^ was treated as the parameter and compared 
with values found for other semiconductors. The other param-
p 
eter was B = S in the equation for p. ^ as before. 
p 
A trial calculation again showed 6 s 10, so 10 was used 
in the logarithm in the denominator of the expression for 
^eh* 
The fit for this combination to the experimental curve 
is also shown in Figure 23. For this fit B = £2 = 7.17, 
£ = 2,67 and Aj = 1.68(10)This value of £ is approxi­
mately the same as that resulting from the optical-mode plus 
electron-hole scattering case, 2«8i|. A^ for electrons in 
germanium is 2.4(10)^ (Morin and Malta (42)); in silicon, 
8.8(10)^ (Morin and Malta (43)); in gray tin, 1(10)^ (Busch 
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and Wieland (12)). just obtained is five to ten times 
smaller than these values. 
For the fit to the mobility curve in the range 77° -
l+00°K, where ionized-impurity scattering and optical-mode 
scattering were considered, the result for £ was approxi­
mately 20; £2/F2 was roughly the same, 575, although since 
£ was larger, F was 0.78. 
It is difficult to reconcile the two different values 
of £ obtained from the fits to the curve at high and low 
temperatures. A further consideration of the expression for 
ionized-impurity scattering, Equation 59, is called for. 
Since in Equation 59 € was taken equal to 11+ in the 
denominator, a general expression for the mobility due to 
ionized-impurity scattering which was applied in the tem­
perature range 77° - 1+00°K would be 
txj = 6.10(10)"2£2T3/2/ ln(l+1.8(10)~%2T2) . (63) 
Values of this ^  obtained when £ = 3, the value of £ im­
plied by both curve-fittings at high temperatures just dis­
cussed, are given in Table 16 along with those for £ - 18.8, 
which, in combination with optical-mode mobility, gave the 
best fit to the experimental curve in the interval 77° -
1+00°K. Experimental values of p, are also shown. 
The values of with £ = 3 are so high in comparison 
with p. that any fit to the experimental curve which employed 
these values would be impossible. 
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Table 16. Mobility due to ionized-impurity scattering for 
two values of dielectric constant 
Temperature 1 iij( £ = 3) p.j( £ = 18,8) 
°K 
p 
cm /volt-sec 
p 
cm /volt-sec 
p 
cm /volt-sec 
80 1020 1+900 1+050 
100 1050 6060 31+1+0 
200 11+10 12,1+00 765 
300 1890 19,500 389 
1+00 2520 28,1+00 279 
The conclusions of the analysis of the scattering mecha­
nisms in n-type sample 22B-1 follow: it is possible to fit 
a combination of mobilities due to scattering by optical 
modes and ionized-impurities to the experimental mobility 
curve in the temperature range 77° - 1+00°K, and to fit a 
combination of either optical-mode or acoustical-mode scat­
tering plus electron-hole scattering to the curve in the re­
gion 1+00° - 1000°K. However, a value of £ s 20 is necessary 
for the fit at low temperatures, while f = 3 is required in 
the high-temperature range. The larger value of £ would 
more nearly satisfy the empirical Moss relationship 
2 
AEq £ = 155. The acoustical-mode electron-hole scattering 
combination is the better of the two high-temperature fits. 
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C. Discussion 
1, Samples 
The samples of n-type Mg^Si prepared for this investiga­
tion had saturation carrier concentrations (N^ - = 
8(10)^ cm"3 - 3.5(10)1^ cm"3. The purest sample had one-
twentieth the impurity concentration of the single-crystal 
sample used by Whitsett (62) and was nearly ten times more 
pure than the single crystal of Ellickson and Nelson (19) 
(See Table 1). Winkler's (6l|.) polycrystalline samples con-
18 3 tained approximately (10) impurities per cm . Where ear­
lier samples exhibited Hall coefficients and resistivities 
whose values extended over less than a factor of one hundred 
between the onset of intrinsic conduction and 1000°K, Hall 
coefficients and resistivities in the present work were meas­
ured over intrinsic ranges which started at lower tempera­
tures and extended over more than a factor of one hundred for 
all the Hall coefficients and nearly one hundred for all the 
resistivities. This increase in size of the intrinsic tem­
perature range allowed slopes of curves log(RT3/2) vs l/T, 
log(f Ta+3/2) vs l/T and log(R/ç ) vs log T to be determined 
with increased precision. The number of temperatures at 
which Hall effect and resistivity were measured was also 
higher for this investigation: points were every ten degrees 
77° - 200°K and every twenty-thirty degrees from 200° -
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1000°K. (Not every point for every sample could be crowded 
into Figures 8 - 13 in the temperature range $00° - 1000°K.) 
The p-type samples used in this investigation were the 
first p-type samples of MggSi which have been reported. In­
vestigation of the Hall coefficient and resistivity of sam­
ples with donor impurities allows one to determine AE^, but 
to measure n and only in the extrinsic region. With the 
addition of measurements on p-type samples, one may obtain 
AEq and b as well as n, p, ^  and over the entire tempera­
ture range. Without p-type samples one must add measurements 
of the thermoelectric power or optical properties to the 
measurement of Hall coefficient and resistivity in order to 
obtain these quantities. Busch and Winkler (13) treat the 
problem of extracting the most information from the fewest 
data in a review article. Parameters determinable by means 
of the type of measurements and type of sample used are 
summarized in Table 17. 
Measurements on p-type samples allowed determination of 
the mobility ratio, the mobilities and the carrier concentra­
tions in MggSi over the entire temperature range; Winkler 
{634-) had already measured the mobility ratio by means of 
thermoelectric power measurements. A study of p-type material 
also gave insight into the change from extrinsic conduction 
to intrinsic conduction since this change is accompanied in 
p-type samples by a reversal in sign of the Hall coefficient. 
The analyses for the mobility ratio in Section III. A. 7. are 
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Table 17. Measurements on a semiconductor to obtain basic 
parameters 
One measures as a function of temperature To obtain 
Hall effect / Hall effect ( Hall effect f Hall J ^o 
Resistivity I (extrinsic) 
n-type ] 
sample / 
Resistivity 
Thermo­
electric 
power or 
optical 
props, 
n-type or 
p-type 
sample 
Resistivity 
p-type 
sample 
(extrinsic) 
b 
n,p 
V^p 
AE = AE + p T 
mn,mp 
based on this sign reversal and on the maximum or peak in the 
Hall coefficient after the sign reversal, both of which occur 
only in p-type samples. 
Direct x-ray analysis of MggSi samples was made to deter­
mine how singly-crystalline they were (Section II. B.). 
Previous investigators had relied on visual techniques to 
determine whether a sample was a single crystal. The visual 
examination is probably satisfactory but no test of such an 
examination had been made. 
2. Mobility 
Previous investigators obtained for the Hall mobility 
(R/p ) for electrons at 300°K values 167 cm2/volt-sec to 370 
108 
cm2/volt-sec (Table 1). The value of 370 was obtained by 
Winkler (61|.) from an extrapolation to lower temperatures of 
p 
his high-temperature values. 370 cm /volt-sec agrees quite 
closely with the values listed for the purer samples listed 
in Table 9 (380—i+06 cm2/volt-sec). Winkler's actual values 
for (R/Ç ) at temperatures near 400°K were approximately 
100 cm /volt-sec. No values were given for T <330°K. A 
great advantage of single-crystal samples such as were used 
in the present investigation lies in the fact that carrier 
mobilities are not functions of the polycrystal grain bound­
aries, nor of the eutectic inclusions or dislocations which 
are likely present to a greater extent in polycrystals. 
Whitsett's (62) and Ellickson and Nelson's (19) values, 
p p 
167 cm /volt-sec and 250 cm /volt-sec, were obtained with 
samples less pure than those in this investigation and fall 
below any value obtained for the five n-type samples. The 
p 
lower value, 167 cm /volt-sec, corresponds to the sample of 
lower purity, 1.5(10)^ impurities per cm3. 
No value for the hole mobility had been measured previ­
ously. Winkler predicted a value of (R/ç ) for holes at 
300°K of 65 cm2/volt-sec from his value of (R/Ç ) for elec­
trons and his value of b (5.7). Values of (R/% ) for holes 
at 300°K from the present work were 56.5 and 51.3 cm2/volt-
sec for the two samples most completely treated. The sug­
gestion is that with increasing purity of p-type samples, 
(R/<>) at 300°K will increase. 
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lin determined from the resistivity at 300°K was 352 
cm2/volt-sec and from Hall effect and resistivity, 350 
p 
cm /volt-sec. Slopes of log pn vs log Ï obtained in these 
two ways agreed roughly with slopes of log (R/^ ) V£ log T 
for electrons in the same temperature range, p, for the 
p 
purest p-type sample was found to be 59 cm /volt-sec at 
300°K. Slopes of log vs log T were somewhat less than 
slopes of log (R/ç ) vs log T (200° - 400°K)j all were be­
tween -1.0 and -1.5* 
3. Mobility ratio 
Winkler (64) measured b = 5*7 using the thermoelectric 
power. Ellickson and Nelson (19) found a plot of log(np/T3) 
vs log T had a slope equal to (0.73 ev)/2k if they assumed 
b = 5» Whitsett (62) obtained a value of 1.3 for b by an 
indirect analysis of electrical data in which he took the 
intrinsic variation of (R/^> ) as T~3/2. The value obtained 
during the present investigation was b = 4*8. 
Values of b obtained by means of methods outlined in 
Section III. A. 7. are extremely sensitive to slight uncer­
tainties in the values for the Hall coefficients involved. 
Four separate determinations gave b = 4*2, 5*0, 5*0 and 5*2. 
The average of these, h.8 was used for calculations in the 
present work. Because of the spread of these values of b and 
the uncertainty in values of the Hall coefficient taken from 
the graphs, the value of b should probably be quoted simply 
as 5} the implication is that 4*5 < b < 5*5-
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L. Energy gap 
The value of the energy gap obtained in the present 
work was 0.78 ev; this value was taken from the slope of 
least-square straight-line fits of the curves log(RT3/2) vs 
l/T for seven samples (Section III. A. 8.). Winkler (61+) 
obtained AEq = 0.77 ev from the slope of log(RT3/2) vs l/T; 
Ellickson and Nelson (19) obtained a value AEq = 0.73 ev 
from the slope of log(np/T3) vs l/T assuming b = 5j Whitsett 
(62) found AEQ = O.I4.8 ev from the slope of log(pTa+3/2) vs 
l/T when he assumed a = -1.5. 
The present investigation gives a result in good agree­
ment with Winkler and with Ellickson and Nelson. The poly-
crystalline nature of Winkler's samples apparently had lit­
tle influence on the energy gap. The disagreement with 
Whitsett, however, is fundamental. Although Whitsett ob­
served nearly a T~3-dependence for (R/ç> ) above l|.820K, he 
assumed since (R/Ç ) varied as T**3/2 from 300° - 1^.82°K that, 
indeed, this temperature dependence was valid also in the 
intrinsic region. In making this assumption he was forced 
to take 1< b < 2; he settled on a value of b - 1.3. The 
slope of log(^ Ta+3/2) vs l/T gave a value for the energy 
gap 0.1(8 ev for a =-1.5 and 0.61 ev for a = -2.5. Whitsett's 
data for the Hall coefficient as function of l/T have been 
plotted and the slope of log(RT3/2) vs l/T gave AEq = 0.7 ev. 
The latter two values are closer to the present results; the 
disagreement which still exists is probably due to the fact 
Ill 
that Whitsett1s sample was intrinsic over a smaller tempera­
ture range, and that the values 0.61 ev and 0.7 ev were ob­
tained from a curve with 11 points, while twenty to thirty 
points determined the RT3/2 curves in the intrinsic tempera­
ture range in the present investigations (Figure 19). Since 
Whitsett's samples became intrinsic at temperatures somewhat 
higher than the present samples, less steep resistivity and 
Hall slopes could easily have been reported; with decreasing 
sample purity, the Hall coefficient and resistivity curves 
slope into the 'intrinsic line' more gradually. 
The energy gaps determined from the slope of log( p Ta+-V^) 
vs l/T (Table 13) for this work are consistent with those ob­
tained from the slope of log(RT3/^2) vs l/T (Table 12) for 
a near -2.5» This slope is quite sensitive to the value of 
a, however; because a could be obtained only within ten per 
cent or so and may not have been strictly constant, slopes 
of log(Ç Ta+3/2) vs l/T were used as a check on AEQ and a 
rather than a means of determining AEQ. 
5. Effective mass 
The only previous determination of the effective masses 
m^ and m^ in MggSi was that of Winkler (6I4.), who obtained the 
temperature dependence Ç of the energy gap AE by means of 
thermoelectric power measurements. This enabled him to solve 
Equation 10 for rn^rn^; he used for n^ the extrapolation to 
l/T = 0 of n^ as a function of l/T obtained from Equation 35 
involving the Hall coefficient and the mobility ratio. 
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p 
Winkler's value was rn^ = 0.26 m . This investigation gave 
= 0.40 m2. (It was necessary to use Winkler's value of 
{3 in this calculation). 
and m^ are separated when one takes (Section III. A. 
9.) 
b = ' 
Winkler, using b = 5*7, found mn = 0.36 m, mp = 0.72 ra; the 
current work gave = O.Lj.6 m, m^ — 0.87 m. b was taken as 
4.8. The results agree in order of magnitude at least; both 
show effective masses less than the rest mass for both elec­
trons and holes and both give the effective mass of the holes 
a value about twice as great as the value for electrons. 
It must be pointed out that the effective masses ob­
tained in the manner just discussed are effective masses 
averaged over all values of energy for the carrier distribu­
tion. The energy has been assumed directly proportional to 
the square of the momentum (spherical energy surfaces), so 
that m/mn and m/rn^ are indeed scalar quantities. In general, 
m/n^ and m/mp are tensors (Wilson (63, p. 50)). 
6. Carrier concentrations 
Winkler (61).) found n^ and p^ = 2.6(10) cm"*3 at 1000°K; 
Whitsett (72) gives a graph of n± from which it appears 
n^s 3(10)^ cm**3 at the same temperature. This value is 
based on an assumed value for b of 1.3, however. Experimental 
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value of at 1000°K in this investigation was 
4.0(10)^ cm**3; the predicted value was 3.4(1°) cm"3. 
7. Scattering mechanisms 
Winkler (64) and Ellickson and Nelson (19) observed an 
intrinsic temperature dependence of (R/ç ) in MggSi of ap­
proximately T"*^/2. Whitsett (62) observed a dependence T~3. 
The temperature dependence shown during this investigation 
was T~2,2 to t~2*^ for different samples. No previous in­
vestigation had been undertaken to explain this temperature 
dependence which departs so markedly from the T~3/2-
dependence predicted by simple acoustical-mode lattice-
scattering theory. 
The present investigation suggests this high temperature 
dependence is due either to a temperature dependence of the 
mobility ratio or, at low temperatures (77° - 400°K), to a 
combination of optical-mode lattice scattering and ionized-
impurity scattering; at high temperatures (400° - 1000°K) 
the suggested mechanism is a combination of either optical-
mode or acoustical-mode scattering plus electron-hole scat­
tering. These calculations depend on the estimate that the 
Debye temperature for MggSi is = 4°°°K« It was pointed out 
in Section III. B. 4» however, that fits employing these 
three combinations are not consistent since for the low-
temperature combination to give a mobility which fits the 
data a dielectric constant approximately 20 is required, and 
either high-temperature combination requires a dielectric 
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constant more nearly equal to three. The temperature depend­
ence of the mobility ratio was not discussed quantitatively. 
As it was pointed out in Section III. E. 4» » a consid-
2 
eration of the Moss relationship AEQ £ - constant would 
favor a value for the dielectric constant of MggSi near 14 
for MggSi. In addition, neither Madelung's (39) list nor 
Winkler's (64) shows a dielectric constant less than about 
five for any semiconductor. Fortunately this question may 
be easily settled by a measurement of the dielectric con­
stant . 
The indicated value of F, the fraction of charge on 
each atom contributing to purely ionic bonding, was 0.78 for 
the optical-mode - ionized-impurity combination at low tem­
peratures and 0.14 for the optical-mode - electron-hole com­
bination at high temperatures. Here the lower value of F 
and the optical-mode - electron-hole scattering combination 
might be favored, for semiconductors with electronegativity 
difference less than one are predicted to have a small por­
tion of ionic bonding. In MggSi this electronegativity dif­
ference is 0.6. This implies (Pauling (48, p. 7O)) eight 
per cent ionic character, or that the probability for repre­
senting the resonating bonds in MggSi as purely ionic during 
any small interval of time is eight per cent. Thus F2 might 
be expected to be 0.08 and F = 0.28. 
Because 0.28 falls between the two experimentally de­
termined values for F, 0.14 and 0.78; because the Pauling 
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theory is rather qualitative; and because F is quite sensitive 
to the curve-fitting process, this evidence in favor of the 
correctness of the high-temperature fit and € ~ 3 is not con­
sidered as strong as the evidence for the low-temperature fit. 
Similarly, the value of in the expression for the 
acoustical mobility, found in Section III. B. 1|_. to be 
1.68(10)^, cannot be considered very strong evidence for the 
acoustical-mode - electron-hole scattering combination. It 
falls below the range of observed values for Aj in other ma­
terials. A^ cannot be calculated directly for MggSi without 
additional knowledge (e.g., the value of C and 6 in Equation 
13, or of the deformation potential and the elastic constant 
in Bardeen and Shockley's expression for in Shockley (58, 
P. 333)). 
It is a conclusion of this investigation, then, that a 
combination of optical-mode lattice-vibration scattering and 
ionized-impurity scattering indicates the temperature depend­
ence and magnitude of (R/p ) in the temperature range 77° -
4-00°K when the Debye temperature is taken = 400°K. This ex­
planation of the behavior of (R/p ) is consistent with a 
dielectric constant for MggSi = 20 and per cent ionic charac­
ter less than one hundred. 
A further search is indicated to be necessary for a 
satisfactory explanation of the temperature dependence and 
magnitude of (R/p ) at temperatures above Ij.00oK. Many sug­
gestions have been made concerning temperature dependence 
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steeper than but in most cases the theories are not 
yet in a form so that they may be quantitatively tested. 
Prince (51) pointed out that a temperature dependence 
of -1,5 was derived under the assumption that there is a 
single energy extremum in the Brillouin zone at the energy 
band edge and that the energy varies quadratically with mo­
mentum in any direction away from the extremum. If the band 
edge corresponds to more than one equivalent point in the 
Brillouin zone the mobility may decrease faster than 
In addition, if the thermal energies of the carriers become 
high, momentum may no longer be related quadratically with 
energy, and the mobility could again decrease more rapidly 
with temperature, 
Enz (20) studied so-called many-phonon processes — 
those processes described by higher-order approximations to 
the Hamiltonian for electron-phonon interactions in the case 
of lattice vibrations. He predicted a temperature-dependence 
of T n for the relaxation time, where n is the number of the 
approximation used (n-phonon process). He was able to obtain 
temperature dependences for the mobility as high as T*"3'^ 
using three-phonon processes. 
Dumke (18) mentions that dependences higher than 
may be explained by a bending over of the energy surfaces 
away from the energy minima since this corresponds to an in­
creasing effective mass away from the minima. At higher 
temperatures electrons will spread out into these regions of 
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higher effective mass; since mobility varies inversely as 
the 5/2 power of the effective mass, the mobility will thus 
decrease more rapidly with temperature. 
Abeles and Meiboom (1) and, more completely, Herring 
(27) and Herring and Vogt (28) have studied scattering in ma­
terials in which the energy surfaces depart from those of the 
simple spherical model and assume degenerate form or 'many-
valley ' form (i.e., the intersection of planes in k-space by 
constant-energy surfaces results in a set of ellipses rather 
than just a single circle). Temperature dependences for the 
—2 9 
mobility as high as T are predicted in this way. 
8. The MggX family 
Results of this investigation for Mg^Si, those of Redin 
(53) for MggGe and results obtained by Laws on et_ al. (37) 
and Blunt ejt al. ( 5 ) for single crystals of n-type and 
p-type MggSn are shown in Table 18. 
Except for a slight rise in the case of MggGe the melt­
ing point decreases with increasing molecular weight; the 
energy gap is also seen to decrease with increasing molecular 
weight. (R/ç> ) for electrons decreases and for holes, in­
creases with increasing molecular weight, while the mobility 
ratio appears to be approaching one, the case for = m^. 
The trends of the results are in general agreement with 
those found for other semiconducting families mentioned in 
Section I. A. 2. and in the references listed in that section, 
except for the increase in (R/ç ) for holes. A decrease in 
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Table 18. Results for the MggX family 
Compound Melting 
Point 
(R/ç )300°K 
electrons 
(R/Ç )300°K 
holes 
Mobility 
Rat io 
°C ev cm /volt-sec 
O 
cm /volt-sec b 
Mg2Si 1090 0.78 I4.O6 56.5 5 
Mg2Ge 1115 0.69 280 110 3.7 
Mg2Sn 778 0.314- 320 260 1.3 
MggPb 550 0 
energy gap with increasing molecular weight is observed in all 
known homologous families of semiconducting compounds except 
the series PbS, PbSe and PbTe where PbSe has the smallest gap 
(Pincherle and Radcliffe (50)). Besides the decrease in ion­
ization energy mentioned in Section I. A. 2., a contributing 
factor to this decrease in energy gap with increasing molecu­
lar weight has been pointed out by Pincherle and Radcliffe: 
one expects a lowering of interatomic potential barriers, and 
hence a lowering of AEq, as atoms are brought closer together. 
Since interatomic separations in semiconducting families in­
crease less rapidly with increasing molecular weight than the 
atomic radii, the barrier will be lower for heavier atoms and 
AEq will be smaller. 
Séraphin (57) and Adawi (2) have treated the effective 
mass of electrons and holes (and thus the mobility) as functions 
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ol' the ionic component of the bonding. However, since the 
electronegativity differences or the Mg^X family are near­
ly the same (Mg^Si, 0.6; MggGe, 0.5; Mg^Sn, 0.6) one would 
expect little change in this ionic component in the MggX 
family and hence little change in the effective masses and 
mobilities. The explanation for the decrease in (R/Ç ) for 
electrons and the increase for holes will probably have to 
wait for an investigation of the energy surfaces in the 
MggX family* 
9. Future work 
The analysis of electron and hole scattering in MggSi 
by means of optical-mode lattice vibrations depends on the 
Debye temperature and the dielectric constant. These two 
parameters should be determined. Very little is known about 
thermal conductivity and specific heat in semiconducting 
compounds; measurements on MggSi and Mg^Ge could be compared 
with Busch and Schneider's (11) work on MggSn and InSb. 
Optical absorption in MggSi has been investigated by 
Ellickson and Nelson (19), who observed an energy gap at 
room temperatures (0.78 ev) larger than the gap they ob­
tained from electrical data. Further work in this field, 
and as a function of temperature, would be a check on the 
energy gap, yield the temperature coefficient of the energy 
gap and perhaps give some insight into the energy band struc­
ture. Thermoelectric power measurements on single crystals 
would provide the temperature coefficient of the energy gap 
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and the mobility ratio. Drift mobility and carrier lifetime 
experiments on Mg^X compounds may be possible with increased-
purity samples. 
Hall effect and resistivity experiments should be ex­
tended to temperatures below 77 °K to establish the energy of 
Impurity levels and to investigate low-temperature carrier 
scattering. Frederikse ejt al. (21+.) found anomalous behavior 
in MggSn at low temperatures : n-type sangles became p-type 
at temperatures 5-20°K and values of the Hall coefficient 
and the mobility approached a constant values for all samples 
for T < lj..20K. This behavior should be looked for in MggSi. 
Recent success of infrared cyclotron resonance experi­
ments with the semiconducting compounds InSb and InAs (Keyes 
et al. (31+) ) shows this powerful technique for determining 
the shape of the energy bands may be applicable to Mg^X com­
pounds. Measurement of interband magneto-optic effects 
(Burstein and Pious (10)) in Mg^X compounds (optical transi­
tions between energy-bond sub-levels when the material is 
in an external magnetic field) may be valuable in any study 
of the energy band structure. 
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Table 19. Crystal-growing run number 28 
Time Temperature Temperature 
Bottom thermocouple Top thermocouple 
Minutes Degrees C. Degrees C. 
0 70 70 
27 618 625 
49 965 985 
60 1100 1115 
70 1130 1170 
73 1135 1175 
80 1125 1160 
90 1100 lllj.0 
100 1100 1140 
110 1080 1115 
120 1065 1100 
130 1050 1085 
Ingot cooled to room temperature 50°C/hour 
Table 20. Experimental data, sample 22B-1 
(A = 0.OOH4J.OO cm^ , s = 0.0845 cm, t = 0.1053 cm, H = ( 10)^  gauss) 
Temperature Current Vn -VI2 VH1 -V^, -Vy ^ 
(deg. K) (ampere) (millivolts) 
298.5 
77.2 
80.6 
84.9 
90.5 
96.9 
102.2 
113.1 
123.2 
134.6 
145.1 
157.6 
165.9 
176.4 
186.9 
197.3 
218.0 
238.7 
259.5 
280.0 
300.7 
0.020 28.190 
5.006 
4.840 
4.951 
5.016 
5.082 
5.178 
5.592 
6.006 
6.678 
7.343 
8.214 
8.941 
9.831 
10.972 
12.088 
14.812 
17.580 
20.607 
24.425 
28.984 
28.171 
5.173 
5.160 
5.120 
5.237 
5.268 
5.500 
5.880 
6.429 
7,012 
7.719 
8.505 
9.356 
10.257 
11.293 
12.348 
15.030 
17.681 
20.805 
24.474 
28.788 
s = 0. t 
30.313 
10.370 
10.145 
9.902 
9.762 
9.797 
9.837 
10.153 
10.682 
11.363 
12.190 
13.081 
14.132 
15.262 
16.500 
17.728 
20.395 
23.218 
26.206 
28.965 
32.008 
. cm 
30.332 
10.377 
10.205 
9.992 
9.929 
9.847 
9.925 
10.258 
10.778 
11.433 
12.253 
13.186 
14.142 
15.375 
16.566 
17.754 
20.406 
23.206 
26.222 
29.076 
32.217 
26.870 
2.549 
2.645 
2.835 
3.080 
3.307 
3.678 
4.404 
5.245 
6.232 
7.275 
8.392 
9.591 
10.973 
12.205 
13.702 
16.497 
19.436 
22.495 
25.432 
28.807 
26.366 
2.541 
2.620 
2.783 
2.950 
3.197 
3.592 
4.312 
5.151 
6.200 
7.199 
8.351 
9.508 
10.900 
12.244 
13.659 
16.490 
19.443 
22.486 
25.360 
28.555 
Table 20 (Continued) 
Temperature Current VT1 -V 
T I (deg. K) (ampere) 
293.6 0.020 61+..555 64.440 
321.6 74.328 74.292 
346.7 84.708 84.605 
370.2 94.589 94*484 
412.5 109.662 109.672 
439.2 112.810 112.882 
470.1 102.175 102.215 
489.8 87.880 87.948 
509.0 72.256 72.408 
539.8 52.220 52.100 
567.0 38.491 38.281 
588.8 30.237 30.033 
607.2 24.617 24.655 
624.3 21.197 20.911 
639.8 18.140 17.904 
659.2 15.302 14.949 
682.6 12.322 12.072 
710.3 9.952 9.680 
749.1 7.484 7.128 
759.3 7.0147 6.7524 
776.1 6.1438 5.8503 
818.1 4.7550 4.4774 
841.0 3.9508 3.6908 
861.4 3.4734 3.2357 
886.8 2.9976 2.7947 
% ~VH2 -VH3 VH4 
(millivolts) 
5.805 5.870 2.351 2.276 
6.256 6.276 2.863 2.850 
6.895 6.930 3.453 3.406 
7.467 7.525 3.636 3.583 
8.325 8.365 5.286 5.250 
8.285 8.318 5.555 5-536 
7.085 7.153 4.550 4-558 
6.848 6.612 5.288 5.411 
5.827 5.631 4-569 4.722 
4.315 4.O86 3.4L3 3*66l 
3.255 2.978 2.563 2.844 
2.635 2.321 2.043 2.350 
2.237 1.920 1.708 2.023 
1.926 1.600 1.410 1.744 
1.708 1.372 1.220 1.557 
1.442 1.117 1.360 1.348 
1.253 0.907 0.822 1.170 
I.047 0.696 0.637 0.987 
0.8068 0.4845 0.4438 0.7637 
0.7512 0.4514 0.4023 0.7086 
0.6516 0.3700 0.3425 0.6268 
0.5340 0.2949 0.2611 0.5132 
0.2552 0.0415 0.0198 0.2447 0.1922 0.0000 -0.0193 0.1777 
0.1292 -0.0256 -0.0386 0.1164 
Table 20 (Continued) 
Temperature 
T 
Current 
I 
VI1 ~VI2 Vm ~VH2 "VH3 VH4 
(deg. K) (ampere) (millivolts) 
906.7 0.040 5.2971 5.1410 0.1550 0.0198 -0.0042 0.1296 
930.1 4.7185 4.5907 0.0929 0.0149 -0.0023 0.0768 
951.6 4.2683 4.1715 0.0401 0.0240 0.0109 0.0281 
972.1+ 3.8607 3.8118 -0.0020 0.0405 0.0246 -0.0126 
1007.9 3.2705 3.2975 -o.0662 0.071+2 0.0635 -0.0747 
1007.9 0.100 8.1755 8.2083 -0.0/94 0.0623 0.0388 -0.1015 
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Table 21. Experimental results, sample 19B-1 
Temper­
ature 
T 
deg. K 
Reciprocal 
temperature 
1000/T 
(deg. K)"1 
Resistivity 
R 
ohm-cm 
Hall 
Coefficient 
-R 
cm^/coulomb 
Hall 
Mobility 
IR/çl 
cm /volt-sec 
299.8 3.336 8.315 11.87 142 
77.5 12.90 3.256 59.43 1825 
85.7 11.67 3.004 50.89 1694 
90.2 11.09 2.996 47.37 1581 
102.0 9.804 2.958 44.57 1507 
113.0 8.850 3.021 41.84 1385 
123.5 8.097 3.195 39.40 1233 
134.5 7.435 3.364 36.11 1073 
144.8 6.906 3.552 34.22 963 
155.1 6.447 3.828 32.53 850 
165.5 6.042 4.060 30.51 751 
176.1 5.679 4-336 28.82 665 
186.9 5.350 4.673 28.46 609 
197.2 5.071 4.921 25.76 524 
207.7 4.815 5.222 25.33 485 
218.0 4.587 5.568 26.28 472 
228.4 4.378 5.894 24.84 422 
238.5 4.193 6.250 24.46 391 
249.1 4.014 6.567 24.02 366 
259.5 3.854 6.929 21.50 310 
269.6 3.709 7.296 22.98 315 
280.0 3.571 7.614 23.07 303 
290.7 3.440 7.976 23.75 298 
300.7 3.326 8.468 21.50 254 
294.8 3.392 .08044 25.89 322 
365.6 2.735 .1086 23.48 216 
409.0 2.445 .1275 21.85 171 
429.6 2.328 .1358 21.63 159 
46I.6 2.166 .1436 23.31 162 
479.9 2.084 .1431 21.62 151 
494-3 2.023 .1398 18.01 129 
506.4 1.975 .1353 16.08 119 
532.7 1.877 .1190 13.38 112 
570.0 1.754 .09272 8.988 96.9 
584.3 1.711 .08333 6.187 74.2 
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Table 21 (Continued) 
Temper- Reciprocal Resistivity Hall Hall 
ature temperature n Coefficient Mobility 
T 1000/T \ -R \ R/f \ 
W -I Q P ' 
deg. K (deg. K)~ ohm-cm cm /coulomb cm /volt-sec 
614.9 1.626 .06476 5.279 81.5 
636.0 1.572 .05436 3.569 6 5.7 
655.5 1.526 .04612 2.975 64-5 
673.5 1.485 .03993 2.184 54.7 
689.6 1.450 .03531 1.875 53.1 
710.2 I.408 .03020 2.407 79.7 
729.8 1.370 .02616 1.372 52.4 
746.4 1.340 .02322 1.014 1+3.7 
761.4 1.313 .02083 .7081 34.0 
784.1 1.275 .01801 .9157 50.8 
794-9 1.258 .01680 .4851 28.9 
806.9 1.239 .01557 .6355 40.8 
818.1 1.222 .01456 .5681 39.0 
829.6 1.205 .01360 .4488 33.0 
840.6 1.190 .01274 .4176 32.8 
854.9 1.170 .01176 .4073 34.6 
863.1 1.159 .01128 .4047 35.9 
870.4 1.149 .01085 .3787 34.9 
883.4 1.132 .01015 .2646 26.1 
894.2 1.118 .009566 .2646 27.7 
908.3 1.101 .008908 .2101 23.6 
916.0 1.092 .008632 .2724 31.6 
929.3 1.076 .008125 .1738 21.4 
937.5 1.067 .007841 .2361 30.1 
954.8 1.047 .007190 .11+27 19.8 
965.9 1.035 .006824 .1167 17.1 
977.4 1.023 .006487 .1115 17.2 
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Table 22. Experimental results, sample 22B-1 
Temper­
ature 
T 
deg. K 
Reciprocal 
temperature 
1000/T 
(deg. K)"1 
Resistivity 
f 
ohm-cm 
Hall 
Coefficient 
-R 
cm^/coulomb 
Hall 
Mobility 
IR/ft 
2 cm /volt-sec 
298.5 3.350 .2351 90.93 386.7 
77.2 12.95 .04247 206.1 4852 
80.6 12.41 .04172 198.5 4759 
84.9 11.78 .04202 188.6 4489 
90.5 11.05 .04278 179.8 4203 
96.9 10.32 .04314 173.6 4025 
102.2 9.785 .04454 164.4 3691 
113.1 8.842 .04786 154.0 3217 
123.2 8.117 .05188 145.6 2807 
134.6 7.429 .05711 136.4 2389 
145.1 6.892 .06283 131.2 2088 
157.6 6.345 .06975 125.4 1797 
165.9 6.028 .07633 120.6 1580 
176.4 5.669 .08380 115.4 1377 
186.9 5.350 .09289 112.4 1210 
197.3 5.068 .1019 106.9 1048 
218.0 4.587 .1245 102.9 826.4 
238.7 4.189 .1471 99.30 675.0 
259.5 3.854 .1728 98.03 567.5 
280.0 3.571 .2040 95.40 467.7 
300.7 3.326 .2410 90.35 374.9 
293.6 3.406 .2247 92.77 412.9 
321.6 3.109 .2588 89.77 346.8 
346.7 2.884 .2949 91.72 311.0 
370.2 2.701 .3292 102.3 310.7 
412.5 2.424 .3820 81.03 212.1 
439.2 2.277 .3931 72.55 184.6 
470.1 2.127 .3560 67.55 189.8 . 
489.8 2.042 .3062 36.33 118.6 
509.0 1.965 .2520 28.54 113.3 
539.8 1.853 .1817 18.01 99.13 
567.0 1.764 .1337 10.84 81.07 
588.8 1.698 .1050 7.42 70.69 
607.2 1.647 .08581 5.58 65.02 
624.3 1.602 .07334 4.90 66.82 
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Table 22 (Continued) 
Temper- Reciprocal Resistivity Hall Hall 
ature temperature 0 Coefficient Mobility 
T 1000/T v -R | R/p I 
deg. K (deg. K)~^  ohm-cm cm^ /coulomb cm^ /volt-sec 
639.8 1.563 .06277 4.00 63.72 
662.6 1.4-65 .04249 2.21 52.02 
710.3 I.408 .03419 1.58 46.21 
749.1 1.335 .0254-5 1.11 43.62 
759.3 1.317 .02398 1.21 50.46 
776.1 1.288 .02089 .690 33.03 
818.1 1.222 .01608 .721 44.84 
841.0 1.189 .01331 .424 31.86 
861.4. 1.161 .01169 .445 36.08 886.8 1.128 .01009 .3396 33.66 
906.7 1.103 .009089 .3238 35.62 
930.1 1.075 .008106 .2185 26.95 
951.6 1.051 .007349 .1658 22.56 
972.4- 1.028 • 006681 .1737 26.00 
1007.9 0.992 .005719 .1263 22.08 
1007.9 0.992 .005707 .1200 21.03 
688.3 1.453 .03724 .9477 25.45 
Table 23. Experimental results, sample 22B-3 
Temper­
ature 
T 
Reciprocal 
temperature 
1000/T 
Resistivity 
f 
Hall 
Coefficient 
-R 
Hall 
Mobility 
iR/ei 
deg. K (deg. K)"1 ohm-cm cm^ /coulomb cm^ /volt-sec 
294.5 
322.5 
347.3 
370.2 
410.8 
3.396 
3.101 
2.879 
2.701 
2.434 
.1733 
.2023 
.2285 
.2541 
.2971 
72.64 
72.74 
69.63 
69.15 
65.85 
419.2 
359.5 
304.8 
272.2 
221.7 
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Table 23 (Continued) 
Temper­ Reciprocal Resistivity Hall Hall 
ature temperature Coefficient Mobility 
T 1000/T ? -R iR/ei 
deg. K (deg. K)"1 ohm-cm cm^ /coulomb cm2/volt-sec 
432.5 2.312 .3129 64.20 205.2 
472.6 2.116 .2939 43.35 147.5 
491.1 2.036 .2610 26.19 100.3 
512.0 1.953 .2161 27.54 127.5 
549.1 1.821 .1493 14.74 98.7 
573.6 1.743 .1136 9.310 82.0 
588.4 1.700 .09719 7.759 79.8 
605.1 1.653 .08291 7.419 89.5 
621.6 1.609 .07025 5.334 75.9 
638.3 1.567 .06078 4.461 73.4 
661.2 I.512 .04822 3.079 63.9 
683.5 1.463 .03978 2.885 72.5 
710.2 1.408 .03215 1.940 60.3 
736.9 1.357 .02609 1.552 59.5 
763.9 1.309 .02127 .8341 39.2 
778.3 1.285 .01938 .8535 44.0 
793.7 1.260 .01759 .6643 37.8 
807.8 1.238 .01621 .3201 19.7 
840.4 1.190 .01471 .3346 22.8 
864.9 1.156 .01301 .3031 23.3 
885.4 1.129 .01180 .7173 60.8 
910.4 1.098 .01038 .6353 61.2 
935.7 1.069 .009296 .1511 16.2 
958.1 1.044 .008350 .1928 23.6 
980.2 1.020 .007591 .3916 51.6 
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Table 2l\., Experimental results, sample 23B-3 
Temper­ Reciprocal Resistivity Hall Hall 
ature temperature p Coefficient Mobility 
T 1000/T \ -R iR/fl 
deg. K (deg. K)"1 ohm-cm crn^/ coulomb cm^/volt-sec 
298.3 3.352 .07996 24.65 308.2 
77.5 12.90 .03557 83.65 2352 
79.8 12.33 .03416 77.21 2260 
83.2 11.74 . 03289 74.40 2262 
90.0 11.11 . 03167 69.92 2208 
95.0 10.53 .03138 65.15 2076 
100.2 9.980 .03119 62.33 1999 
110 9.091 .03129 56.65 1810 
120 8.333 . 03206 52.11 1625 
130 7.692 .03352 49.01 1462 
lllO 7.143 .03529 51.59 1462 
150 6.667 .03714 42.51 1145 
160 6.250 .03971 4o.o4 1008 
170 5.882 .04121 37.11 900.6 
180 5.556 .04345 35.39 814.5 
190 5.263 .04570 33.78 739.2 
200 5.000 . OI1814 31.66 657.6 
220 4.545 .05324 30.10 565.4 
240 4.167 .05908 27.46 4.64.8 
260 3.846 .06561 26.03 396.7 
280 3.571 .07254 25.16 346.9 
300 3.333 .07979 23.90 299.5 
293.5 3.407 .07937 23.56 296.7 
315.7 3.168 .08648 22.81 263.7 
335.3 2.982 .09363 22.18 236.9 
357.0 2.801 .1017 21.54 211.9 
377.9 2.646 .1099 20.85 189.8 
399.3 2.504 .1183 19.88 168.1 
1*22.5 2.367 .1275 19.36 151.9 
W7.9 2.233 .1357 18.44 135.9 
466.9 2.142 .1390 18.10 130.2 
1+89.6 2.042 .1377 16.49 119.8 
509.7 1.962 .1317 16.26 123.5 
533.3 1.875 .1181 11.89 100.7 
559.5 1.787 .1013 9.422 93.05 
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Table 24 (Continued) 
Temper­ Reciprocal Resistivity Hall Hall 
ature temperature % Coefficient Mobility T 1000/T -R |R/?\ 
deg. K (deg. K)"1 ohm-cm cm^/coulomb cm^/volt-sec 
577.3 1.732 .08861 7.698 86.88 
594-5 1.682 .07750 6.205 80.06 
617.7 1.619 • 06412 4.826 75.27 
637.7 1.568 • 05367 3.596 67.00 
659.0 1.517 .04479 2.580 57.59 
683.6 1.463 .03670 2.804 76.40 
708.7 1.411 .03049 1.402 45.98 
728.4 1.373 .02745 1.333 50.39 
741.5 1.349 .02383 1.063 44.61 
754.9 1.325 .02179 .8675 39.81 
779.2 1.283 .01832 .6320 34.50 
799.7 1.250 .01604 .7181 44.77 
817.5 1.223 .01437 .4424 30.78 
835.8 1.196 .01297 .4079 31.45 
857.1 1.167 .01142 .2959 25.90 
888.2 1.126 .01029 .1666 16.20 
901.2 1.110 .009026 .2671 29.60 
926.7 1.079 .008028 .2154 26.83 
950.4 1.052 .007226 .1688 23.35 
974.4 1.026 .006546 .1436 21.94 
1006.1 0.994 .005781 .1149 19.88 
139 
Table 25» Experimental results, sample 27B-1 
Temper­ Reciprocal Resistivity Hall Hall 
ature temperature 
f 
Coefficient Mobility 
T 1000/T -R |R/f( 
deg. K (deg. K)'1 ohm-cm cm^ /coulomb 2 cm /volt-sec 
299 3.344 .1744 77.64 445.2 
85.2 11.73 .07061 163.3 2312 
88.8 11.26 .06327 156.5 2473 
100 10.00 .05378 149.6 2782 
110 9.091 .05229 141.0 2697 
120 8.313 .05396 132.6 2458 
130 7.692 .05770 124.1 2150 
140 7.143 .06256 116.4 i860 
150 6.667 .06842 110.7 1617 
160 6.250 .07511 104.0 1385 
170 5.882 .08191 100.1 1221 
180 5.556 .08928 96.24 1078 
190 5.263 .09782 91.84 938.8 
200 5.000 .1059 90.67 856.0 
220 4.545 .1224 83.21 680.1 
240 4.167 .1401 82.05 585.9 260 3.846 .1577 79.26 502.6 
280 3.571 .1779 75.68 425.4 300 3.333 .1990 74.86 376.2 
300 3.333 .1687 70.37 417 
318.6 3.139 .1844 68.77 373 
338.7 2.952 .2028 68.49 338 
371.6 2.691 .2328 66.64 282 
406.5 2.460 .2661 63.11 237 
444*3 2.251 .2811 53.68 191 
487.6 2.051 .2441 35.47 145 
514.5 1.944 .1999 23.87 119 
538.1 1.858 .1612 17.08 106 
558.8 1.790 .1310 11.79 90.0 
589.8 1.695 .09623 7.264 75.5 
621.7 1.608 .07203 5.188 72.0 
643.5 1.554 .05700 3.236 56.8 
662.1 1.510 .04857 2.901 59.7 
684.0 1.462 .04025 2.255 56.0 
706.5 1.415 .03350 1.604 47.9 
Table 25 (Continued) 
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Temper- Reciprocal Resistivity Hall Hall 
ature temperature 0 Coefficient Mobility 
T 1000/T \ -R (R/0I 
• 1 *3 p 
deg. K (deg. K) ohm-cm cm /coulomb cm /volt-sec 
730.1 1.370 .02789 1.085 38.9 
745.5 1.341 .02505 1.132 45.2 
762.0 1.312 .02206 .7080 32.1 
788.1 1.269 .01864- .8726 46.8 
812.2 1.231 .01600 .5424 33.9 
836.8 1.195 01379 .4552 33.0 
875.5 1.142 .01115 .2948 26.4 
918.8 1.088 .009009 .1769 19.6 
Table 26. Experimental results, sample 25B-2 
Temper- Reciprocal Resistivity Hall Hall 
ature temperature Coefficient Mobility 
T 1000/T V p (R/?| 
*•1 3 2 deg. K (deg. K) ohm-cm cm /coulomb cm /volt-sec 
299.7 3.337 .2128 11.96 56.22 
77.5 12.90 .1278 27.67 216.6 
85.0 11.77 .1192 24.55 205.9 
90.0 11.11 .1113 24.98 224.3 
95 10.53 .1083 23.65 218.5 
100 10.00 .1062 20.20 190.2 
110 9.091 .1024 18.85 184.0 
120 8.313 .1010 15.98 158.3 
130 7.692 .1045 15.49 148.3 
I4.O 7.143 .1002 20.20 201.6 
150 6.667 .09924 13.60 137.0 
160 6.250 .1019 13.92 136.7 
170 5.882 .1056 13.92 131.9 
180 5.556 .1115 13.56 121.7 
190 5.263 .1178 12.61 107.1 
i4i 
Table 26 (Continued) 
Temper­ Reciprocal Resistivity Hall Hall 
ature temperature Coefficient Mobility 
T 1000/T R I R A I  
deg. K (deg. K)"1 ohm-cm cm /coulomb 2 cm /volt-sec 
200 5.000 .1250 11.85 94-78 
220 4.545 .1424 12.79 89.84 
21+0 4.167 .1604 13.24 82.55 
260 3.846 .1774 12.61 71.09 
280 3.571 .1961 11.58 59.05 
300 3.333 .2165 11.81 54.54 
395.1 3.389 .1806 10.11 55.99 
317.8 3.147 .1953 10.08 51.59 
350.8 2.851 .2224 9.831 44.22 
373 .4 2.678 .2436 9.548 39.20 
401.6 2.490 .2691 9.355 34.77 
427.2 2.341 .2905 8.453 29.08 
458.6 2.181 .3090 6.783 21.79 
485.8 2.058 .3053 2.860 9.354 
512.5 1.951 .2763 -0.6689 2.421 
533.3 1.875 .2292 -4-372 19.09 
540.2 1.851 .2147 -5.IO4 23.77 
548.0 1.825 .1989 -4.7 05 23.63 
556.8 1.796 .1800 -5.746 31.92 
568.6 1.759 .1558 -6.132 39.35 
583.0 1.715 .1344 -5.598 41.66 
595.7 1.679 .1125 -4.498 39.97 
609.9 1.640 .09576 
-4»435 46.34 
623.4 I.604 .08267 -4.099 49.57 
636.7 1.571 .07125 -3.717 52.17 
655.1 1.526 .05902 -2.698 45.71 
667.7 1.498 .05241 -2.263 43.16 
683.9 1.462 .04458 -1.971 44-22 
704.1 1.420 .03704 -1.6520 44.60 
723.5 1.382 .03171 -1.333 42.05 
740.7 1.350 .02770 -1.109 40.02 
755.7 1.323 .02506 -0.9584 38.24 
775.4 1.290 .02214 -0.8035 36.306 
795.2 1.258 .01939 -0.7048 36.36 
811.5 1.232 .01737 -0.5409 31.15 
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Table 26 (Continued) 
Temper­
ature 
T 
Reciprocal 
temperature 
1000/T 
Resistivity 
% 
Hall 
Coefficient 
R 
cm^ /coulomb 
Hall 
Mobility 
JR/O 
deg. K (deg. K)"1 ohm-cm cm /volt-sec 
834.9 
851.5 
874.5 
896.9 
918.7 
1.198 
1.174 
1.144 
1.115 
1.088 
.01523 
.01412 
.01254 
.01098 
.00978 
-0.5813 
-0.4040 
-0.3591 
-0.3569 
-0.3120 
38.14 
28.59 
28.64 
32.50 
31.87 
937.6 
957.5 
980.8 
1004.5 
966.9 
1.067 
1.044 
1.020 
0.996 
1.034 
.00890 
.00803 
.00737 
.00641 
.00758 
-0.2076 
0.2128 
-0.2716 
-0.2626 
-0.5207 
23.34 
26.47 
36.79 
40.94 
68.57 
933.6 
908.5 
1.071 
1.101 
.00883 
.01092 
-0.3928 
—O.46OI 
44.46 
42.09 
Table 27, Experimental results, sample 26B-1 
Temper­
ature 
T 
Reciprocal 
temperature 
1000/T 
Resistivity 
% 
Hall 
Coefficient 
R 
Hall 
Mobility 
IRAI 
deg. K (deg. K)"1 ohm-cm cm^ /coulomb cm /volt-sec 
299.5 
84.8 
90 
100 
110 
3.339 
11.79 
11.11 
10.00 
9.091 
.5959 
.03737 
.03781 
.04185 
.04872 
33.15 
102.0 
69.64 
59.62 
53.83 
55.63 
2730 
1842 
11(25 
1105 
120 
130 
140 
150 
160 
8.313 
7.692 
7.143 
6.667 
6.250 
.05748 
.06826 
.08127 
.1013 
.1237 
54-48 
47.80 
42.27 
38.03 
40.09 
947.7 
700.2 
520.1 
375.4 
324.0 
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Table 27 (Continued) 
Temper­ Reciprocal Resistivity Hall Hall 
ature temperature Coefficient Mobility 
T 1000/T R 3 R IRAI 
deg. K (deg. K)"1 ohm-cm cm /coulomb cm^ /volt-sec 
170 5.880 .1528 37.00 2h2.2 
180 5.556 .1836 32.63 177.8 
190 5.263 .2237 33.28 148.8 
200 5.000 .2579 32.51 126.0 
220 4.545 .3362 30.06 89.42 
240 4.167 .4068 34.69 85.28 
260 3.846 .4751 34.30 72.20 
280 3.571 .5473 34.30 62.68 
300 3.333 .6188 32.51 52.53 
300 3.333 .2706 11.51 1*2.5 
317.4 3.151 .2814 11.80 41.9 
345.3 2.896 .3018 11.97 39.7 
370.2 2.701 .3257 11.27 34.6 
383.3 2.609 .3381 11.16 33.0 
403.9 2.476 .3572 10.93 30.6 
425.O 2.353 .3749 9.065 24.2 
437.3 2.287 .3826 10.73 28.0 
455.1 2.197 .3895 8.391 21.5 
469.1 2.132 .3887 5.346 13.7 
479.9 2.084 .3817 4.533 11.9 
493.7 2.026 .3681 .3254 0.88 
505.1 1.980 .3452 -2.324 6.73 
510.9 1.957 .3402 -3.312 9.74 
522.7 1.913 .3064 -5.579 18.2 
546.6 1.829 .2382 -9.181 38.6 
565.5 1.768 .1876 -8.926 47.6 581.1 1.721 .1506 -8.507 56.5 601.8 1.662 .1167 -5.869 50.3 
619.4 1.614 .09500 -4.986 52.5 637.1 1.570 .07863 -3.777 48.0 
657.3 1.521 .06554 -2.487 37.9 
675.0 1.481 .05515 -2.342 42.5 693.1 1.443 .04775 -I.499 31.4 711.6 1.405 .04097 -1.395 34.0 720.1 1.373 .03521 -I.470 41.8 
11* 
Table 27 (Continued) 
Temper­
ature 
T 
deg. K 
Reciprocal 
temperature 
1000/T 
(deg. K)'1 
Resistivity 
R 
ohm-cm 
Hall 
Coefficient 
R 
cm^/coulomb 
Hall 
Mobility 
(R/V 
cm^/volt-sec 
746.2 1.336 .03015 -0.9763 32.4 
775.1 1.290 .02492 -0.7264 29.1 
800.2 1.250 .02135 
-O.4434 20.8 
824.8 1.212 .01831 -O.4329 23.6 
849.4 1.177 .01584 -0.3487 22.0 
876.9 1.140 .01353 -0.3487 25.7 
903.4 1.107 .01210 -0.2885 23.8 
921.7 I.085 .01123 -0.2092 18.6 
956.4 1.046 .009545 -0.1360 14.2 
